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HIIJGHTS 

Capsule Summaries of the More Significant Articles in this Issue 

Offers Prescription for Energy Competitiveness 

The Energy Research Advisory Board has given the United States Department of 
Energy a set of recommendations on measures which could be taken to enhance 
the country's international energy competitiveness. The ERAS report, page 1-1, 
emphasizes that the Energy Department should be providing leadership in 
promoting energy policy goals. 

California Targets Methanol Development 

The California Energy Commission's 1988 Energy Development Report points out 
(page 1-3) that the state continues to set new records for consumption of 
automotive fuels. The report discusses various ways in which the use of 
methanol fuels could provide benefits to the state. 

Japan Energy Policy to Emphasize Secure Oil Supply 

Japan expects the household-service sector of the economy to develop increas-
ing demand for energy in the future. However, overall energy consumption per 
unit of GNP Is expected to continue to decrease. The long-term policy 
developed by the Ministry of International Trade and Industry is therefore 
focusing on security of supply rather than increased supply. See page 1-5. 

NCA President Says Lack of Energy Independence Threatens U. S. Security 

National Coal Association President R. L. Lawson told the Alternate Energy '88 
conference that the true cost of imported oil is much higher than the cost of 
the oil itself. He said that energy policy should include developing alternate 
sources. An abstract of his remarks is given on page 1-6. 

World Oil Crisis Near Says OPCON 

A revised (downward) assessment of OPEC producing capacity suggests that a 
test of this capacity may occur as early as 1990. The assessment by OPCON 
shows a sharp jump In oil prices to $65 per barrel in 1992. A summary of 
their forecast appears on page 1-7. 

U.S. to Suffer Prolonged Shortages of Basic Chemicals 

According to a report by Probe Economics, new production capacity for basic 
chemicals will take place in export-oriented countries In the Far East and 
South America rather than in the United States. Their conclusions are 
reported on page 1-8.
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SPA Pacific Sees Improvement in Alternate Fuels Outlook 

A mildly optimistic outlook for alternate fuels exists at SFA Pacific, based on 
the facts that technological advances are being made and that oil imports will 
continue to increase In the United States. Phased construction of coal 
gasification combined cycle power plants is one of the most attractive pos-
sibilities.	 However, as noted on page 1-10, natural gas prices will have to 
rise to about $6 per million BTU for the coal options to be competitive. 

RAND Report Analyzes Performance of Megaprojects 

A new report by the RAND Corporation addresses the historical record of 
megaprojects in meeting cost, schedule and performance goals. Their findings, 
summarized on page 1-13, showed a typical cost overrun of 88 percent. Only 
four of 47 projects actually came in on budget. 

RAPAI) Wraps up 8-year Synfuels Research Program 

Japan's Research Association for Petroleum Alternatives Development has issued 
a report covering the technical achievements of the last budgeted year of 
research and development on manufacturing liquid synfuels from syngas and on 
upgrading tar sands bitumen and shale oil. Highlights from the report are 
presented on page 1-15. 

DOE Expands International Collaboration an FU Energy R&D 

A brief synopsis of the U.S. Department of Energy's international cooperative 
efforts In the field of fossil energy research and development may be found on 
page 1-20. 

Carbon Dioxide May be Only Minor Contributor to Future Greenhouse Effect 

Most worrying over the environmental effects of the greenhouse effect due to 
Increasing emissions of carbon dioxide from the burning of fossil fuels has as-
sumed that the effects will continue to increase in proportion to carbon 
dioxide concentrations in the atmosphere. However, testimony given at a con-
gressional hearing suggests that infrared absorption by carbon dioxide may al- 
ready be reaching a maximum, whereas the effects of other trace gases are 
still increasing rapidly (page 1-22). 

Petrebras Studies Shale Oil for Gas Production 

Petrobras is considering changes In the operating conditions of its oil shale 
retort In order to make more gas available for industrial development in the 
region. Developments in other areas concerned with oil shale are also sum-
marized on page 2-1. 

JOSECO to Start 100-Day Continuous Retort Run in July 

Japan Oil Shale Engineering Company, Ltd. plans to start a 100-day continuous 
run in its 300 ton per day oil shale pilot plant in July. As reported on page 
2-2, the run will be made on oil shale from Maoming, China. 
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Raniex Pulls Out of Kentucky, Moves to 

Ramex Syn. Fuels International had started drilling In Kentucky in February to 
test its In situ oil shale gasification technology. However, the Kentucky 
Natural Resources and Environmental Protection Cabinet halted the operation 
temporarily for lack of a permit. 	 Ramex has now moved to Indiana and 
selected a site for testing in that state (page 2-4). 

SPP/CPM Announce Agreement on Taciuk Processor 

Australia's Southern Pacific Petroleum N.L. and Central Pacific Minerals N.L. an-
nounced an agreement with the Alberta, Canada, Oil Sands Research and Tech-
nology Authority to use the Taciuk Processor in the initial commercial develop-
ment of the Stuart Oil Shale Deposit. See page 2-7 for details. 

Hearing Held on WlrthMeldier Bill to Block Oil Shale Patents 

United States Senators Wirth (Colorado) and Melcher (Montana) introduced the 
"Oil Shale Mining Claims Conversion Act" to prevent the issuance of any more 
oil shale land patents. A hearing on the proposed legislation was held in 
April. Some comments on the bill are reported on page 2-9. 

New Oxy/Bechtel Analysis Shows MIS Oil Cost of fl5-30 Per Barrel 

Bechtel, Inc. recently completed a study for Occidental Oil Shale, Inc. to 
provide an up-to-date estimate of the cost of producing shale oil from Oxy's 
C-b Tract using modified in situ retorting technology. Contrary to widespread 
perceptions that such costs would now be in the range of $50-60 per barrel, 
Bechtel computed values of no more than $30 per barrel for a large project. 
Their economic results are presented on page 2-10. 

Petrobras Patents Entrained Flow Fines Retort 

A recent United States patent was granted to Petrobras for a vertical 
entrained flow retort using superheated steam as carrier gas. An abstract of 
the patent may be found on page 2-13. 

Shell Selects Cross-Plow Retort 

A discussion of the logic used by Shell Internationale Petroleum in deciding 
that a cross-flow fluidized bed would be optimum for oil shale retorting begins 
on page 2-14. 

Improved Everman Hot Oil Retort Patented 

A continuous hot oil immersion retorting • apparatus is described in a recent 
patent issued to W. H. Everman. See page 2-16. 
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Energy Requirements for Ultrafine Grinding Defined 

The Mineral Resources Institute at the University of Alabama has been attempt-
ing to optimize the energy requirements for ultrafine grinding of oil shale 
prior to beneficiation by flotation. As reported on page 2-18 they have found 
that substantially less energy is needed when a high-speed stirred ball mill is 
used. 

Fair New 1,500 TPD Kiviter Retorts to be Built In Estonia 

The Kiviter retort, a vertical moving bed retort with cross flow of gases, has 
been scaled up to 1,000 tons per day In the Estonian SSR. Three such retorts 
have been built in the 1980's. Now construction has started on four new 
retorts with capacities of 1,500 tons per day each. See page 2-22. 

Colorado, Australia and Thailand Shales Retorted in Japan 

An Inclined tube continuous laboratory retort has been used at the Japanese 
National Research Institute for Pollution and Resources to study oil shale from 
three countries. A description of the work begins on page 2-23. 

TransNatal T-Project to Co-Process Torbanite and Coal 

The Trans Natal T-Project in South Africa is planning to co-process torbanite 
and coal which occur In the same deposit. Lurgi LR retorts will be used and 
production could be as high as 15,000 barrels per thy. Further details are 
given on page 2-25. 

Improvements to F'du'n Retorts Outlined 

Oil shale has been retorted at Fushun, China for over 60 years. A history of 
the technical changes which have been made to the retorts over that time 
span begins on page 2-26. 

Maondng Shale OR Operation Faces Economic Difficulties 

The shale oil operation at Maoming, China currently produces about 
100,000 tons of shale oil per year. Although production costs are claimed to 
be less than the world price of crude oil (page 2-29), costs are higher than 
the low, controlled price of domestic crude oil. This creates problems for the 
plant, which must request government assistance if it is to stay in operation. 

Eastern OR Shale Tested for Potential to Create Add Mine Drainage 

The weathering of pyrite -containingeastern oil shales can create acid mine 
drainage In the same way as coal mine wastes. Work carried out at Western 
Research Institute and reported on page 2-32 has defined some of the condi-
tions under which this is likely to occur. 
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U.S. Government and Union OR File for Water Rights 

The United States has filed claims for water to develop the United States 
Naval Oil Shale Reserve and Union has filed for surface water rights on the 
oil shale lands to which they recently received title. These and other water 
court applications are listed on page 2-35. 

Magic Circle Relinquishes Oil Shale Leases 

Magic Circle Energy Corporation has relinquished 66 Utah State oil shale leases 
located outside their major lease block. This and other actions on State of 
Utah oil shale lands are reported on page 2-41. 

Details Given for Shell's Peace River Expansion Project 

In January the Alberta Energy Resource Conservation Board approved an ap-
plication for a major expansion of Shell Canada Limited's commercial in situ oil 
sands project at Peace River, Alberta. A summary of the application begins on 
page 3-1. 

New Grath Upgrathr Integrated With Coop Refinery 

In April, the heavy oil upgrader being built by NewGrade Energy was tied into 
the Consumers Cooperative Refinery at Regina, Saskatchewan. The 
50,000 barrel per day project is due for completion in October (page 3-3). 

Shell Drops Out, Soly-Ex Announces New Project 

Solv-Ex Corporation said that Shell Canada Limited has decided not to pursue 
the 7,500 barrel per day bitumen extraction plant which had been under con-
sideration in Alberta. Solv-Ex announced (page 3-4) that it plans to pursue an 
independent 11,000 barrel per day project, called the Biturnount Project, on an 
oil sands lease a few miles north of the Shell lease. 

Technology Defined for 80,000 Banal/Day Expansion at Synaude 

The article on page 3-5 discusses the technology which will be used in 
Syncrude Canada Ltd.'s proposed 80,000 barrel per day expansion project. 

Agreement Readied for Support of Bi-Provincial Upgrader 

Terms have been agreed upon for government support of Husky Oil Ltd.'s long-
delayed Si-Provincial Upgrader project (page 3-9). Husky must find additional 
equity participation, however. 

CS Resources Completes First Four Horizontal Wells at Pelican Lake 

The first four horizontal wells in a potential 10-well project have been drilled 
at Pelican Lake (see page 3-9).
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More Pipeline Capacity Need for Canadian Heavy Oil and Bitumen 

A report by the Canadian Energy Research Institute says that significant levels 
of Canadian heavy oil and bitumen will be left in the round over the next 
20 years if markets continue to grow and additional pipeline capacity for ex-
ports Is not constructed (page 3-18). 

Taciuk Process Shows Economic Advantage for 
Oil 

Sands 

Economic comparisons between the Taciuk process and the hot water extraction 
process plus coking are given in the article on page 3-23. 

Soly-Ex Says Oil Smith Can be Economic 

Solv-Ex states that a Canadian tar sands plant can be built for $20,000 to 
$25,000 per daily barrel and with cash operating costs below $12 per barrel. 
These economic standards must be achieved if a plant is to be financially 
feasible at today's conditions. See page 3-25. 

Slant Dri lling Preferred for Lindbergh Heavy Oil Development 

When comparing straight drilling with directional drilling and with slant hole 
drilling, Dome Petroleum Limited has concluded that slant wells have an 
economic advantage In the Lindbergh area. Some of their cost data are 
presented on page 3-29. 

Heavy Oil/Water Emulsion Scores Advances on International Front 

Venezuela has announced plans for commercial development of its Orimulsion 
blend of Orinoco extra-heavy crude and water. As explained on page 3-43 the 
emulsion is being marketed to compete directly with coal. 

Heavy 
Oil 

Deposits Noted In 15 Bnslm Throughout China 

A geological discussion of the formation of heavy oil reservoirs in China begins 
on page 3-47. To date, heavy oil has been discovered in 15 different Chinese 
basins. 

Great Plain Gets $30 Million to Reduce Sulfur Emissions 

The United States Department of Energy has allocated $30 million for improve-
ments to reduce the amount of sulfur dioxide emitted by the Great Plains Coal 
Gasification Plant. However, as explained on page 4-1, even these improve-
ments will not bring the plant into compliance with the conditions of its 
operating permit from the State of North Dakota. 

Hanover Energy to Build Coal Gasification Plant in Virginia 

Hanover Energy Associates is planning a 700 megawatt cogeneration plant near 
Dwell, Virginia. The project will include 24 to 28 Wellman-Galusha coal 
gasifiers and will burn a mixture of natural gas and coal-derived gas. See 
page 4-1.
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Wyoming Chartuel Project Plans Outlined 

The article	 on	 page	 4-2	 discusses	 the plans of	 Carbon	 Fuels	 Corporation	 to 
build a 100 megawatt plant in Wyoming using the Charfuel concept.	 This con-
cept is based on hydropyrolysis used in a "coal skimming" mode.

Molten Carbonate Fuel Cells Get Revised Funding 

The United States Department of Energy has reprogrammed up to $25 million In 
funding to three fuel cell developers in an effort to resolve technical 
obstacles that have impeded scaleup of molten carbonate fuel cell technology. 
Details are given on page 4-7. 

GAO Says Government Should Get at Least $1 Billion for Great Plaiim 

The United States General Accounting Office has testified that, in order for 
the government to be as financially well off from selling the Great Plains 
project, as it would be from retaining ownership, the project would have to be 
sold for at least $1 billion. However, as noted on page 4-8, this conclusion 
would be considerably changed if different, but plausible, assumptions are used 
concerning future oil prices and the value to a buyer of the tax credits as-
sociated with the plant. 

Clean Coal Technology Solicitation Draws 54 Proposals 

A total of 54 proposals were received for cost-shared demonstration projects 
under Round 2 of the expanded Clean Coal Technology program. A list of the 
proposals received is given on page 4-11. 

urrz Sees Coal Lkjuelacthm Competitive With $30 Oil 

Recent studies by MITRE Corporation show that technical improvements in coal 
liquefaction technology have had a favorable effect on projected production 
costs. They calculate that, on a 1986 basis, integrated two stage liquefaction 
could be profitable at world oil prices of $30 per barrel. See page 4-17. 

BGC/Lurgi Slagging Gasifler Rated Most Economic for IGCC 

According to the Electric Power Research Institute, the British Gas/Lurgi slag-
ging gasifier under development at Westfield, Scotland should be able to 
produce electricity via integrated gasification combined cycle at a lower cost 
than either the Texaco or the Shell gasifiers, or than a conventional pulverized 
coal power plant. A summary of the relative economics may be found on 
page 4-20. 

Hydropyrolysis Remits Reported in Europe 

Pyrolysis of coal under a hydrogen atmosphere Is being studied In Belgium 
(page 4-26) and France (page 4-27). The work in France Involves a cyclone 
reactor configuration.
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China's Cool Exports are Booming 

Coal exports from the People's Republic of China jumped by 35 percent In 1907 
and are expected to increase by another 30 percent in 1988. Other develop-
ments in Chinese coal production are discussed on page 4-29. 

Belovo-Novooiblrsk Coal Slurry Pipeline to be Completed In 1989 

The 260-kilometer Belovo -Novosibirsk coal slurry pipeline is scheduled for 
completion next year in the U.S.S.R. A description of the project begins on 
page 4-30. 

Status of Commercial Cool Gasification Projects Reviewed 

An overview of worldwide commercial activities in advanced coal gasification 
processes is given In the article starting on page 4-33. 

Coal's Contribution to Carbon Dioxide Buildup Estimated 

Changes in the	 world's climate due to the "greenhouse effect" brought	 on by 
increasing concentrations	 of	 atmospheric carbon	 dioxide will	 be	 a	 major	 en-
vironmental issue In the	 decades	 ahead. A	 discussion of	 the	 contribution	 to 
atmospheric carbon dioxide caused by coal burning may be found on page 4-37. 

Cool Gasification a Strategy for Acid Rain Control 

Coal	 gasification has	 generally been ignored as a strategy for acid rain con-
trol.	 However, SPA	 Pacific	 believes	 this	 is	 an oversight due	 to	 public	 ig-
norance	 of	 the potential	 effectiveness	 of	 this approach when	 applied	 to 
repowering and coprocessing (page 4-39).

DOE Issues Finding of No Significant Impact for UCG Project 

The United States Department of Energy issued a Finding of No Significant Im-
pact for Energy International's underground coal gasification project near 
Rawlins, Wyoming. 	 The environmental analysis has been summarized on page 
4-42. 

Toxicological Activity of Coal Liquids Reduced by Hydrogenation 

Pacific Northwest Laboratory has completed a major effort to compile and 
evaluate the chemical, physical and toxicological data base available on coal 
conversion products. One of the results clearly shown in the study is the 
dramatic reduction in toxicological activity of coal liquids after hydrogenation. 
A brief summary of the study appears on page 4-47. 

Phiflip.. Proposes Dry Fork Mine for Campbell County, Wyoming 

A draft environmental impact statement has been issued for Phillips Petroleum 
Company's proposed mining plan for the Dry Fork Mine in the Powder River 
Basin of Wyoming. A map is shown on page 4-50 for the location of the 
potential 15 million ton per year mine.
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GOVERNMENT 

JAPAN RAISES PETROLEUM TAX TO FUND 
ALTERNATIVES PROGRAM 

Japan's Ministry of International Trade and Industry 
and the Ministry of Finance have agreed to raise 
the petroleum tax by adopting a specific duty in 
place of the current ad valorem duty. The new tax 
will come into effect on August 1, 1988, as a tem-
porary measure for one year. 

It Is being adopted to increase revenues in order to 
cover the deficit in "special accounts for coal, 
petroleum and oil-alternative energy," the 
government's appropriations for stockpiling petroleum 
reserves and developing non-oil energy sources. The 
deficit has widened as the yen's appreciation and 
falling crude prices together have drastically trimmed 
petroleum tax revenues. 

The	 specific duty on	 oil	 will	 amount to	 2,050	 yen 
per	 kiloliter (6.29 barrels),	 which	 Is	 about	 2.5	 times 
the	 current ad	 valorem duty	 of	 about 800 yen per 
kiloliter,	 equal to 4.7	 percent	 of	 the cif	 price	 of 
crude	 oil.

Concurrently, customs duties on crude and fuel oil 
will be reduced by 110 yen per kiloliter, from the 
current 640-530 yen -- a measure taken to offset 
the Increased tax. 

Petroleum tax revenues in fiscal 1988 are not ex-
pected to cover all planned outlays -- a prospect 
that will make it necessary not only to postpone the 
government's development programs for non-oil energy 
sources and Its plans for the construction of oil 
stockpiling facilities, but also to cut back on ex-
ploration. 

ERAB OFFERS PRESCRIPTION FOR ENERGY 
COMPETITIVENESS 

On February 12, 1987 the United States Secretary of 
Energy requested the Energy Research Advisory Board 
(CRAB) to examine the prospects for practical energy 
research and development programs which might have 
a significant impact on international energy competi-
tiveness in the next decade. A report was issued 
by ERAS in March, 1988. 

The report recognizes that the energy sector long 
has been a source of strength In the American 
economy. Abundant domestic energy resources gave 
rise to a large and diverse energy sector, and rela-
tively inexpensive and stable energy supplies en-
couraged the growth of a broad array of energy-
intensive industries. 	 These developments supported

substantial investments in research and technology 
that fostered rising productivity and economic out-
put. 

The energy problems of the past two decades have 
eroded the health of many of these industries. 
Growing dependence on oil imports has added to the 
United States balance of trade deficit; the United 
States spent over $40 billion on petroleum imports in 
1987 and this figure is likely to double by the 
mid-1990's. At the same time, cutbacks in energy 
research have weakened the nation's competitive 
position In energy-related exports. 

Growing dependence on oil imposes other significant 
costs on the United States economy. It exposes the 
United States to the direct economic effects of 
volatile oil prices and supply disruptions. And un-
certainty concerning price and supply discourages In-
vestment in Industries producing energy and energy 
technologies and in energy-intensive industries. 
These costs contribute to declining productivity 
growth and international competitiveness. 

Of course, the report goes on, other countries use 
energy and pay a price to import much of it, often 
in greater proportion than in the United States. 
Energy Is a global issue, and all nations are 
threatened by unstable oil prices and unreliable oil 
supplies. As a result, what matters most for rela-
tive competitiveness in the world is not that a na-
tion has an energy problem, but how well that na-
tion manages it. Compared to other countries, the 
United States is not doing as well as it must to 
manage energy in a way that enhances Its competi-
tive position. 

For example, between 1974 and 1983, United States 
industry reduced energy consumption per unit of in-
dustrial output by about 20 percent; Japanese in-
dustry	 reduced	 unit	 energy	 consumption	 by
50 percent. The result has been to make Japanese 
Industry less energy intensive than United States In-
dustry. In 1983, the United States used a slightly 
higher percentage of oil In the industrial fuel nix 
than In 1974; Germany and Japan reduced their in-
dustrial oil dependence by over 20 percent in the 
same period.	 And between 1972 and 1986 United
States consumption of oil for transportation increased 
by nearly 20 percent.	 These trends make a dif-
ference. The impacts of the 1979-00 oil price 
shock were markedly less severe in Japan than in 
the United States. 

Several reasons contribute to declining United States 
energy competitiveness, but increased uncertainty 
about energy is a major one. There is of course 
significant market uncertainty about energy prices 
and supply reliability. However, government policy 
at all levels has been a source of further uncer-
tainty, one that is particularly intolerable in un-
stable markets. The oil price collapse of 1986 and 
intensifying competition in energy markets have 
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Support research Initiatives to increase 
recoverable reserves and production of 
domestic oil and gas. The United States still 
has major oil and gas resources, and technol-
ogy can help find and produce them at 
reasonable cost. A recommended research 
program toward this end has been outlined in 
ERAS'S recent report, Geoscience Research for 
Energy Security. In addition, DOE should 
designate United States stripper well produc-
tion as a special national resource and 
protect it accordingly. 

- Place the Clean Coal Demonstration Program 
'in —a fast track. This program is moving 
ahead well and deserves continued priority 
support. Routine procurement and permitting 
action should not be allowed to create un-
necessary delays. 

Accelerate research into alternate transporta-
tion fuels and propulsion systems. The 
transportation sector uses 63 percent of total 
United States petroleum consumption. Options 
to reduce this dependence urgently need to 
be demonstrated. Such options include alter-
native fuels and more efficient propulsion 
systems. 

IesUtutjcmaj Factors 

Although ERAS identified only a few technology 
priorities for DOE, there are many technologies that 
can enhance energy competitiveness in the next 
decade and beyond. They suggest that the federal 
government cannot, and should not, be expected to 
decide which ones are the best, nor to provide 
funding for the development and commercialization of 
all of them. For the most part, these are matters 
best left to individual decisions in private markets. 

As noted earlier, however, United States private sec-
tor capability to do this job has declined, while the 
need to get the job done has become more intense. 
This paradox can be resolved only if government 
takes the initiative in establishing an institutional 
and policy framework that enables the private sector 
to get on with Its essential work. In the judgment

of ERAS, such an initiative must include the follow-
ing steps: 

Establish a stable planning environment. 
Energy is a problem to be managed over the 
long haul. For this reason, and because cir-
cumstances in the energy field change so 
rapidly, it Is critically important that na-
tional energy policy K2! ls remain stable. 

Encourage new, non-federal institutions to 
develop and commercialize new energy tech-
nology. The record is clear that individual 
firms in the private sector cannot always do 
this job alone.	 Moreover, DOE's role is 
necessarily limited. As a result, Institutions 
like the Electric Power Research Institute 
(EPRI) and Gas Research Institute (CR!) have 
emerged to aggregate the resources of in-
dividual firms to conduct research that 
benefits all of them. EPRI and CR1 have 
been remarkably successful, and new institu-
tions of this type should be encouraged. 

As necessary, provide incentives, and remove 
disincentives, to private sector action. 	 In 
particular, numerous proposals have been 
made to modify the tax laws for these pur-
poses; for example, to enact an oil import 
fee or to abandon the Windfall Profit Tax. 
While ERAS does not recommend any specific 
proposal, they do believe none should be 
rejected simply because It has a cost; energy 
security and international competitiveness 
have a cost, too. The current wave of 
deregulation in the gas and electric in-
dustries could create a serious disincentive 
for research and development expenditures, 
thus undermining the critical programs of 
EPRI and CR1. 

Encourage environmental policies that enhance 
energy competitiveness. Environmental 
protection is an accepted goal in the United 
States, but environmental policy need not 
work unnecessarily to increase the costs of 
compliance or to retard technological Innova-
tion. 

DOE has the primary government responsibility for 
energy policy, research, supply, and security. There-
fore, ERAS urges DOE to assert Its leadership with 
other elements of government in giving the most ur-
gent attention to the promotion of these energy 
policy goals. Much can be done to enhance United 
States competitiveness through the development and 
deployment of better energy technology, and what is 
most needed is a policy environment in which all in-
stitutions are encouraged and enabled to take up 
this challenge. 

resulted in sharp reductions in new investment and 
in research expenditures, especially in the oil in-
dustry. These developments set the stage for new 
disruptions and, in the absence of aggressive coun-
teraction, for further decline in United States 
economic competitiveness. 

Technology 

Through technology, the nation can reduce the cost 
of producing new sources of energy, enhance the 
productivity with which energy is used in the 
economy, and reduce dependence on oil through fuel 
substitution and fuel flexibility. Technology is also 
the major source of energy-related products and 
services that can be marketed abroad. ERAS recom-
mends that the Department of Energy (DOE): 
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CALIFORNIA TARGETS METHANOL DEVELOPMENT 

The draft version of the California Energy 
Commission's (CEC's) 1988 Energy Development Report 
was Issued in February. The report points out that 
California continues to experience growth in demand 
for gasoline, diesel and other petroleum-derived fuels 
used In transportation. Another record for consump-
tion of the fuels was set in 1987. While demand 
control Is one goal, the commission says that turning 
to substitute forms of fuel offers realistic prospects 
for reducing California's over-reliance on petroleum 
for transportation. 

Five categories of alternatives to conventional 
petroleum transportation fuels are currently receiving 
major development attention. They are alcohol fuels 
(methanol and ethanol), natural gas (compressed and 
liquefied), electricity, liquefied petroleum gas (LPG), 
and hydrogen. Of these methanol has been the sub-
ject of the most activity in California, 	 where 
cooperatIve government/industry programs have 
greatly advanced the technology for using this fuel. 
Others in this group range from LPG, which has al-
ready achieved a limited commercial market to 
hydrogen, which is generally considered a long-term 
option. All of the identified fuels appear to offer 
Improved air emissions characteristics over gasoline 
and diesel fuel. 

Methanol 

To date, the main thrust of California's alternative 
fuel activities has been the development of methanol 
as a motor fuel substitute for gasoline and diesel 
fuel. CEC's methanol fleet demonstration program, 
conducted cooperatively with major auto companies, 
methanol producers, oil companies, fleet operators 
and other organizations, has advanced methanol 
vehicles to the point of technical readiness for wide 
commercial application. Additional momentum for the 
use of methanol has come from air quality interests, 
who see this fuel as an attractive means of reduc-
ing smog-forming automotive emissions. 

Methanol Supply and Economics 

The availability and cost of an expanded methanol 
supply to serve a significant fuel market has been 
the subject of much interest and debate. A major 
expansion of the industry will be necessary if 
demand for fuel methanol reaches a significant per-
centage of California's gasoline consumption. The 
large investments needed for this production expan-
sion, along with the necessary additions to the dis-
tribution network, will obviously occur only If jus-
tified by the selling price of fuel methanol. 

Currently, a wide range of estimates exist for the 
future price of methanol, ranging from about $0.25 
to over $1.00 per wholesale gallon delivered to 
California. The CEC is endeavoring to rationalize 
these widely-ranging figures. 

With respect to potential supply availability, there is 
also widespread agreement that sufficient resources 
exist for production of large new quantities of

methanol. Natural gas, in increasing supply and 
widely distributed around the world, will continue to 
be the almost exclusive source of methanol for 
decades, by most estimates. Coal offers longer-term 
supply potential at a higher cost. 

The prospect of continued rellañce on natural gas as 
the feedstock for methanol production has spawned 
new debate about the extent of the energy security 
benefit of methanol, since the lowest cost sources 
are all expected to be outside the United States. 
While the actual locations of methanol production 
likely to supply the California fuel market continue 
to be investigated, the widespread geographical loca-
tions of candidate producers suggest much greater 
security of supply compared with world oil produc-
tion. 

Methanol Automobile Technology 

California continues to be the world's proving ground 
for methanol motor vehicle technology. General 
Motors Corporation has recently joined Ford , Motor 
Company by furnishing CEC with a prototype 
"variable fuel" automobile capable of operating on 
methanol and gasoline In any combination. 

It is evident that the auto industry now possesses 
most of the necessary capability to begin manufac-
turing	 dedicated	 and/or	 flexible-fuel	 methanol 
vehicles for the general market. Still, there has 
been no decision made by any auto company to ac-
tually Initiate a methanol vehicle market offering. 

Methanol/Gollne Blending 

The blending of five to 10 percent methanol with 
unleaded gasoline for use by the general automobile 
population Is an established fuel marketing practice. 
Methanol/gasoline blends have had successful market-
ing experiences in other parts of the United States 
and in other countries. In California, however, dis-
tributing gasoline containing methanol is prohibited 
by air quality regulations, although ethanol enjoys an 
exemption that makes the sale of gasohol possible. 
The reason for the sanction against methanol/gasoline 
blending is the increase In fuel vapor pressure (and 
resultant vapor emissions) that results. 

Other Methanol Transportation Applications 

In addition to automobiles, methanol has been ap-
plied, on a test or demonstration basis, to many 
other transportation applications. Heavy-duty (diesel 
and gasoline engine) buses and trucks have received 
the most methanol development attention other than 
automobiles. 

Limited testing has also been done with methanol in 
aircraft engines, railroad locomotives, agricultural 
tractors, and some types of boat engines. While 
there seems to be little question that methanol 
could ultimately be a technical-effective fuel for 
virtually all types of Internal combustion engines 
used in transportation, much additional development 
work would be necessary for some applications. 
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Air Quality Aspects of Methanol 

Methanol Is widely recognized as a significantly 
cleaner-burning fuel than gasoline, and even more 
superior to diesel fuel and other lower grade 
petroleum fuels. Air quality modeling studies to 
date have indicated a potential reduction in ozone 
smog of between 10 and 25 percent if all vehicles 
In the Les Angeles region used methanol. The CEC

says the methodology Is subject to much debate, and 
arguments over the cost versus benefit of methanol 
as an air pollution control strategy seem likely to 
continue. Nevertheless, there is little doubt that 
methanol used as a petroleum substitute would con-
tribute to air quality improvement goals. 
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ENERGY POLICY AND FORECASTS 

JAPAN ENERGY POLICY TO EMPHASIZE SECURE OIL 
SUPPLY 

The long-term outlook for Japan's energy supply and 
demand which has been formulated by Japan's Minis-
try of International Trade and Industry (MITI) was 
recently discussed by T. Yamamoto of the New 
Energy Development Organization. 

The recent instability in the Middle East has made 
Japan especially anxious about oil supply. In the 
1990's, forecasters expect the OPEC nations to have 
a higher share of oil production owing to steady 
growth in oil demand throughout the world and a 
decrease in the oil production of non-OPEC nations, 
which will give OPEC dominant power in the interna-
tional oil market.	 Oil supply is likely to become
tighter and less stable as a result. 

Though Japan will continue to be a major energy-
importing nation in the future, Mlii expects its 
energy demand will increase only slightly due to the 
low growth of energy demand in the industrial sec-
tor under economic restructuring. 

MITT believes that sustained efforts are needed to 
make Japan's energy supply/demand structure stronger 
and more flexible by reducing the nation's depend-
ence on oil, it is becoming increasingly important 
to establish an optimum energy supply/demand struc-
ture by ensuring a stable supply of energy and 
reducing its cost under economic restructuring. 

The following objectives are given priority in the 
new Japanese energy policy: 

- Ensuring a stable oil supply has first priority. 
Japan should expand its oil stockpiles, while 
carrying out expanded oil development. 

- Secondly, Japan should promote energy con-
servation as well as the development and in-
troduction of coal, nuclear power, natural 
gas and other alternative energy sources. 

- Adaptability to need is becoming another im-
portant factor. Policy has to encourage the 
ability of the energy industry to adapt to 
diversified demands, as economic and social 
activities grow more various and sophisti-
cated. 

- The basic goal of energy policy is to achieve 
an optimum energy structure, in which 
security, cost and adaptability to needs are 
well balanced, by establishing an economic 
and social infrastructure for energy. 

Energy Outlook for 1995 and 2000 

The growing share of the household-service sector in 
total energy demand in the years up to turn of the

century will mean that the energy industry must be 
able to adapt promptly to the changes in this sec-
tor, such as improvements in the quality of life, and 
the expansion of service businesses. 

The industrial sector, on the other hand, is likely to 
account for a declining portion of total energy 
demand, as Japan's industries become less energy 
consuming. In addition to the above structural 
changes, greater efforts will be made to conserve 
energy, and energy consumption per unit of GNP will 
decrease steadily as a result. 

Demand for coal is likely to increase over the long 
term because of its advantages in terms of cost and 
other aspects, which will make it a favorable fuel 
for electric power generation, and the growing trend 
to convert industrial boilers to coal. 

Since nuclear power can be supplied at a compara-
tively low cost and in a large quantity, it is ex-
pected to account for a growing share of the total 
energy supply in the coming years. 

Natural gas offers secure supply over the long term. 
It will be supplied increasingly for use in electric 
power generation in urban regions and as a raw 
material for town gas. However, demand for Ii-
quelled natural gas for power generation will in-
crease only slightly because of inflexible contract 
conditions and the gradual conversion into a source 
for peak power demand. 

New energy resource will be introduced gradually for 
use in areas to which it Is best suited. Technologi-
cal development and the economies made possible by 
expanded use will combine to encourage an increase 
in supply. 

The balance of oil supply and demand will tighten as 
supply grows more unstable over the mid-to-long 
term, causing oil prices to rise. Alternative energy 
sources win be developed and introduced for ap-
propriate purposes. 	 Therefore, oil supply should 
remain at almost the same level as at present, while 
its share in the energy supply will decrease. It 
will, however, continue to be Japan's most important 
source of energy for the mid-to-long term. 

Energy Outlook for 2005 

Energy demand in the industrial sector is likely to 
continue growing slightly, as Japan's industries intro-
duce innovative technologies for efficient energy use 
and diversify into new industrial frontiers such as 
microelectronics and biotechnology, which consume 
relatively small accounts of energy. Energy demand 
in the household-service sector will continue to grow 
steadily, on the other hand, reflecting an increase in 
free time, growing numbers of working women, aged 
people, information networks and households as well 
as larger business floor areas and wider use of 

1-5	 SYNTHETIC FUELS REPORT, JUNE 1988



energy-consuming appliances. Energy demand in the 
transportation sector will continue to grow. Under 
these circumstances, the ability to meet demands for 
better quality of energy is becoming more important, 
especially demands for improved amenities and con-
venience in the household-service sector. 

With the arrival of the twenty-first century, energy 
sources will become increasingly diversified. Effec-
tive application of energy-related technology will 
open the way for the use of multiple energy sources 
for a single operation. Japan's energy supply will 
become multi-layered, with effective supply systems 
such as cogeneration and diversified heat supply 
being used to meet specified demands. 

Thus, MITI believes that Japan's energy structure will 
enter a 'multiple energy era" and become stronger 
and more flexible in the process. 

NCA PRESIDENT SAYS LACK OF ENERGY 
INDEPENDENCE THREATENS U.S. SECURITY 

America's security is increasingly threatened by the 
lack of policies to bring about energy independence 
according to the president of the National Coal As-
sociation INCA). Steadily rising oil imports put the 
links between energy and economic strength and 
energy and peace in jeopardy; sound policy and 
strategy are being overruled by philosophies that 
refuse to recognize the true cost of oil, Richard L. 
Lawson told the Alternate Energy '88 Conference. 

"For all Americans today, the true cost of imported 
oil includes a major force of American ships and-
more important-American lives at risk to secure the 
world's main oil passage and producing areas," Law-
son, said. "The true cost of imported oil to 
America Includes substantial defense spending to 
meet an emergency at the dominant source; it In-
cludes saddling presidents with the need to twist 
and bend foreign policy to compensate for energy 
dependence," he added. 

He outlined for the conference a policy that would 
push imported oil out of the economy; it was based 
on rationalization of all domestic energy resources 
and the nation's coal reserves. 

Lawson, a recently retired four-star Air Force 
general who commanded operations in the Middle 
East, pointed out that the American fleet in and 
around the Persian Gull includes 25,000 American 
men and has numbered more than 40 ships; the 
roster has included $8 billion aircraft carriers, 
$3 billion battleships, $1 billion cruisers and an ar-
mada of supporting vessels, costing about $40 million 
a month above normal operating costs for an annual-
ized rate of $480 million. 	 And for emergencies
there is the Rapid Deployment Force, which includes

three aircraft carrier battle groups, Marine and Army 
divisions and Air Force tactical fighter wings and 
strategic bomber squadrons. 

"The Persian Gulf fleet-and even the Rapid Deploy-
ment Force-are short-term answers to a long-term 
strategic problem. The problem Is not oil per se; 
the problem is the dependence that removes oil from 
the category of just another item on the free 
market," Lawson said. He added that not until 
there Is a strategy to make oil just another market 
item in fact as well as philosophy will the true cost 
of all be In balance with the market price--no mat-
ter what the price. 

"The foundation of a flexible energy policy must be 
based on coal, in conjunction with domestic oil, gas 
nuclear and alternate sources of energy. Coal is a 
truly strategic reserve," he pointed out. There will 
never be a need for air cover to get a unit train 
to an electric generating station. The tows and 
towboats moving coal on the river system will never 
need a flotilla to sweep for mines or to prevent a 
machine-gun attack by fanatics in speedboats. 

Lawson called for an energy Independence policy 
that would include the following objectives: 

- To offer across-the-board conservation incen-
tives for industry and commerce, automobiles 
and individuals 

- To stimulate exploration and development of 
domestic oil and natural gas reserves to help 
push out imported oil 

- To increase coal use In every application for 
which it is suitable, and to expand research 
and development to increase applications for 
which it is suitable 

- To develop and deploy the full array of fuel 
mixtures, fuel extenders and alternate fuels, 
Including shale oil and tar sands and the use 
of natural gas to produce methanol for 
transportation 

- To support development and deployment of 
clean coal technologies in the generation of 
electricity 

- To start untangling the layers of regulation 
and fear that have all but excluded addi-
tional nuclear power 

- To balance the country's export-Import re-
quirements in energy and to modulate the 
tremendous dollar drain of oil imports with 
programs to export to energy-dependent na-
tions new coal and clean coal technology 

"Until the United States takes energy independence 
and fixes it firmly as a national goal, debates will 
lack focus and degenerate," he concluded. "The true 
cost of imported oil has never been more apparent, 
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and the prize may well be the gifts of independence 
and 'rite American Way of Life' to generations now 
unborn." 

WORLD OIL CRISIS NEAR SAYS OPCON 

A narrow focus on current low prices for oil and 
increasing import dependence are setting conditions 
for a new world oil crisis in as little as two years, 
according to an analysis by OPCON in World Oil. 

OPCOM says the demand for OPEC crude oil will soon 
pass through the 20 million barrels per day level. 
This will signal a switch in OPEC pricing strategy 
from lower to higher prices. Crude oil prices will 
Increase slowly at first, for a year or two, alter 
which prices will increase rapidly to levels two-to-
three times higher than those being paid today. 
Real crude prices matching those of the early 1980's 
will be reality In the early 1990's. 

High prices and high activity will typify the oil 
patch In the first-half of the 1990's. These "good 
times" will last longer than they did in the early 
1980's, because of financial limitations and capital 
costs faced by both consumers and producers. Out-
side the United States the effect of low oil prices 
has been magnified by the decline in the value of 
the United States dollar to foreign consumers, be-
cause crude oil Is priced in United States dollars. 
For example, the West German D. Mark relative to 
the United States dollar was 3.2:1.0 in the first 
quarter of 1985; whereas, it was .1.6:1.0 in December 
1987. In terms of oil prices, a $27 barrel of crude 
oil cost a West German 86 DM in early 1985; 
whereas, in December 1987 a $19 barrel of crude 
cost only 31 DM The world price of oil was 
30 percent lower in United States dollars; but to 
the West German, it was 65 percent lower in DM 
Other major hard currencies generally follow the 
trend In the D. Mark relative to the United States 
dollar.	 In short, foreign consumers found that a 
barrel of crude oil was 50 percent cheaper in 
December 1987 than in January 1985, over 
50 percent of this decrease being directly at-
tributable to the tower valued dollar. 

With soft crude oil prices and falling foreign ex-
change rates for the United States dollar, virtually 
all buyers outside the United States have become 
accustomed to oil being cheaper tomorrow than 
today. This expectation, which has been repeatedly 
verified, has encouraged consumers worldwide to buy 
to fulfill largely immediate needs and to live 
"hand-to-mouth." However, when foreign exchange 
rates for the United States dollar bottom out and 
recover toward more normal levels, then consumers 
will find it economical to buy ahead and build 
stocks. Higher crude oil price expectations will 
magnify further the Incentives to replenish stocks 
today, because prices will be higher tomorrow.

World Oil Market Outlook 

The world demand for OPEC crude oil will average 
more than 20 million barrels per day in 1988, ac-
cording to the authors' world oil model. The model 
further shows that the OPEC crude demand will In-
crease toward the mid-20 million barrels per day 
level in 1989, (Figure 1), because of demand growth 
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and a pause in growth of non-OPEC supplies at the 
35 million barrels per day level. 

Because of a downward revision in the estimate of 
OPEC production capacity, (Figure 1), the demand for 
OPEC oil may truly test the resiliency of OPEC's 
production capability as early as 1990. This is seen 
from the lower OPEC capacity curve in Figure 1, 
relative to the authors' forecast of OPEC production. 

To observe the effect of a forthcoming adjustment 
on price, the authors' model shows that crude oil 
prices will Increase from the high teens ($16 per 
barrel to $19 per barrel) in 1988 to the low 
$20 per barrel level in 1989. 	 Thereafter, a switch 
in OPEC pricing behavior will occur. The model 
shows that that call on OPEC will result in crude 
oil prices of $45 per barrel in 1990, $60 per barrel 
in 1991, and $65 per barrel from 1992 to 1995. 
Higher crude oil prices will be required to curtail 
world oil demand growth and stimulate non-OPEC ex-
ploration and production. 
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In terms of real prices, the model shows that crude 
oil prices will rise to the 1980/1981 peak level by 
1991, and hold that level through 1994. That is, 
real crude oil prices will be three- to four-fold 
higher in the early 1990's than in 1987 (Figure 2). 
This high real level of crude prices will persist 
longer in the early 1990's than in the early 1980's, 
primarily because OPEC's price-making power will be 
more heavily concentrated In the Persian Gulf 
Region, and United States consumers will not have 
access to low-cost capital to make energy conserva-
tion investments. 
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The authors believe that the world economy is 
strengthening significantly in response to low real 
crude oil prices, and oil consumers are becoming 
careless again. The world's economy is driven by 
greed and fueled by oil; and generally, consumers 
have not only poor, but also short memories. Thus, 
the likelihood is virtually one that OPEC will be 
dictating its terms in the early 1990's, and evidence 
of this will become increasingly clear in just over a 
year. 

U.S. TO SUFFER PROLONGED SHORTAGES OF BASIC 
CHEMICALS

The	 United	 States will	 suffer chronic,	 prolonged 
shortages of basic chemicals and other raw	 materials 
through	 the rest	 of the	 century, says a new report 
by Probe Economics, of Mt.	 Kisco, New York.	 These 
shortages	 will	 cause prices	 to rise, but	 not	 high

enough to justify new capacity. Instead, the chemi-
cal industry's next round of new growth will take 
place in export-oriented countries (EOCs) in the Far 
East and South America. As capacity moves off-
shore, the United States will become an importer of 
basic petrochemical intermediates such as styrene, 
ethanol, ethylene glycol and vinyl chloride monomer." 

The 1,000-page report, Chemicals, Energy, and 
Economic Growth: U.S. and World Forecasts to the 
Year 20.00 notes that the coming geographic shift in 
world basic chemical production promises to be far 
more significant than even the growth of OPEC 
petrochemical capacity during the 70's and 80's. in 
contrast to the OPEC nations ten years ago, today's 
EOCs have both the downstream manufacturing skills 
and - Infrastructure needed to fully exploit new 
capacity. 

"EOCs, a group as diverse as Argentina, Egypt and 
Singapore, must export to maintain economic growth, 
says the report. They are the fastest-growing con-
sumers of chemicals, which they upgrade into ex-
portable goods. The EOCs are one of six strategic 
groups of nations defined by common levels of 
hydrocarbon reserves, human resources and economic 
development.	 Categories include the OECD, rich 
OPEC nations,	 oil-rich nations,	 centrally planned
economies and others. 

The Probe Economics study groups together countries 
by the role their economy and chemical industry 
play in the world, rather than by more common 
geographic clumping. 

The growth of capacity In Export-Oriented Countries 
is expected to squeeze United States producers out 
of lucrative export markets. United States output 
will increase only modestly as exports are replaced 
by growing domestic demand. Even strong domestic 
sales will not entice producers to build new 
capacity. "As national boundaries dissolve into one 
broad international market for basic chemicals, 
United States producers will have to compete 
directly with new capacity coming on stream in 
other parts of the world," says Probe. 

In the world Probe envisions, the United States and 
world economies must cope with energy import de-
pendence, budget deficits, and merchandise trade im-
balances. In the main scenario, called the "Soft 
Landing," the world's economies solve these problems 
in a gradual, orderly fashion.	 The gross output of 
the world, after correcting for inflation, grows 
2.9 percent per year and chemical output exceeds 
the growth of GNP, especially in the emerging 
economies. The locus of chemical industry activity 
shifts in response to energy market shares and the 
growth of new manufacturing centers. Probe's price 
forecasts for selected chemicals are given in 
Table 1. 
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TABLE 1 

U. S. PRICE FORECASTS 
FOR Sfl.FTh CIFEWICALS

(Conpound Rates Of Growth, 1986-2000) 

% Growth 
(1986-2000) 

Basic Organics
Ethylene 6.3 
Propylene 8.9 
Butadiene 5.8 
Benzene 8.7 
Styrene 6.9 
Methanol 10.0 

The rntp las tics 
LOPE 6.6 
HOPE 6.5 
Polypropylene 6.0 
Polystyrene 6.2 
PVC 7.0 

Inorganic & Fertilizer Chanicals 
Aznmnia 8.1 
Chlorine 5.0 
Caustic Soda 6.9 
Soda Ash 3.7 
Sulfuric Acid 4.2 
Urea 8.1
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ECONOMICS 

SPA PACIFIC SEES IMPROVEMENT IN ALTERNATE FUELS 
OUTLOOK 

S. Vejtasa of SPA Pacific, Inc. presented a mildly 
optimistic outlook for alternate fuels at the Alter-
nate Energy '88 Conference held in Napa, California 
In April. 

As Vejtasa says, the decline In fuel prices over the 
past few years has made it easy to be pessimistic 
about the outlook for alternatives to oil and natural 
gas. Nevertheless, two facts remain. The first is 
that several alternative fuels technologies have been 
developed and commercially applied at large scale. 
The second is that the largest supplies of conven-
tional petroleum are precariously located for the 
most industrialized nations of the free world. Fur-
thermore, the consensus opinion is that in the United 
States, even in the near-term, demand for petroleum 
products will Increase, domestic oil production will 
continue to decline, and petroleum imports will in-
crease. SPA addressed the status of some of the 
most successful alternative fuels technologies and 
their applications and extensions. 

Electric Power Gemernuw, 

The electric power business Is undergoing a variety 
of dramatic changes. These changes are occurring 
in both business and technology areas. For the first 
time utilities are facing competition in the produc-
tion of electric power from cogenerators and inde-
pendent power producers. With these competitive 
pressures utilities are taking extreme care in choos-
log to build new power generation plants. 

Low capital cost, easy to build generation options 
such as combustion turbines and combined-cycles can 
carry significant risk in the long term with respect 
to fuel availability and cost. However, the genera-
tion options with minimal risk in fuel supply such as 
nuclear and conventional pulverized coal, generally 
have high capital costs and long lead times. For-
tunately, recent successful commercial demonstrations 
of the Texaco and Dow coal gasification technologies 
have provided an option that can both minimize fuel 
supply risk and reduce up-front capital requirements. 

SPA believes the most important feature of coal 
gasification for the utility industry today is its com-
patibility with phased construction. With phased 
construction, the utility can add combustion turbines, 
converting them to combined cycles as needed and 
then, if oil and gas prices rise, add a gasifier later. 

The need for power plants to comply with ever 
tighter environmental emission standards also favors 
gasification. Sulfur and particulate emissions can be 
controlled to arbitrarily low levels. NO, emissions 
may require steam injection or selective catalytic 
reduction depending on the nature of the topping 
cycle.

There Is currently a great deal of interest in 
repowering existing steam boilers with combustion 
turbines as a means of adding low cost capacity, in-
creasing plant efficiency, and reducing overall emis-
sions. If the site has access to coal and sufficient 
space, the repowering could be the initial phase of 
a phased construction CGCC (coal gasification com-
bined cycle). 

Vejtasa points out that there is an opportunity to 
use the fuel gas as a synthesis gas to produce a 
variety of chemicals or other fuels such as 
methanol. This feature of gasification gives it 
flexibility to adapt to changing business conditions. 
There has been considerable discussion of the pos-
sibility of utilities building CGCC plants and selling 
methanol or other chemical byproducts. There also 
may be strong Incentives for chemical companies to 
build gasification plants to serve their raw material 
needs and to sell electricity as a profitable 
byproduct. 

Without phased construction, capital and operating 
costs of CGCC plants are generally estimated to be 
equal to or higher than costs for a comparably sized 
conventional coal plant. Hence, before the concept 
of phased construction was developed, there was not 
a strong economic driving force for CGCC as a 
utility generation option. 

Based on SPA estimates, the cost of natural gas will 
have to rise to about $6 per million BTU for the 
coal options to be competitive with the natural gas 
combined cycle. 

For utility base load service, gasification has com-
petition from conventional coal and now also from 
fluidized bed combustion (FBC). In recent years, the 
architect/engineers and equipment vendors have made 
every effort to reduce the cost of conventional coal 
plants. With today's soft market they can probably 
underbid a CGCC plant with a conventional coal 
plant whose costs are better defined. However, SPA 
says the recent experience of Dow at its Plaquemine 
facility indicates that a CGCC facility can be built 
at a lower cost than many of the generic estimates 
would Indicate. 

Gasification is a technology needed by the utility 
industry to provide strategic flexibility in dealing 
with future uncertainty in fuel supplies. Even 
though construction of new plants is not a current 
imperative, there Is a need for gasification to be 
commercially demonstrated so that it can be a 
credible option In generation planning. The actual 
installation of gasification units at power plants may 
not occur unless natural gas and oil prices increase 
fairly soon. 

Gasification can also play an important role in the 
cogeneration and independent power generation busi-
ness.	 As non-utility power becomes a larger free-
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tion of total capacity,	 the reliability of these
facilities will become of increasing concern to 
regulators, utilities and other power users. They 
may doubt the ability of independent power genera-
tors to continue to operate in times of high oil and 
natural gas prices or limited fuel availability. Fu-
ture non-utility power generators who plan to use 
natural gas in a multi-megawatt facility may be re-
quired to plan for coal conversion as a part of 
their power sales contract. Here again gasification 
can offer the necessary strategic flexibility. 

Tar Sands and Heavy Oil 

Production of fuels from tar sands and other heavy 
oil resources has increased significantly over the 
past two decades. First with the surface mining 
operations of Suncor and Syncrude Canada and more 
recently the commercial development of the Cold 
Lake deposit by in situ techniques. 

A third surface based plant would have been built 
to come onstream about this time, however, the 
project was caught In the cross-fire between 
government policy makers in the early 1980's. An 
opportunity was lost when the established project 
momentum and the existing construction infrastruc-
ture remaining from the Syncrude Canada plant were 
allowed to slip away. 

Commercial in situ operations to recover heavy oil 
from deeper deposits are also moving ahead in Al-
berta. Esso Resources' thermal operation in the Cold 
Lake deposit has now reached about 80,000 barrels 
per day and is scheduled for expansion to nearly 
140,000 barrels per day by 1991. in addition, 
several other smaller, in situ semi-commercial opera-
tions are moving toward full commercial scale in Al-
berta heavy oil deposits. 

SFA sees further expansion of these resources built 
on the existing technology base. However, surface 
plants will need higher prices for conventional crude 
to justify new plant construction. Nevertheless, the 
initial operations are in place to show that it can 
be done. 

Coprocessing of Petroleum Residues and Coal LIqUIS 

A trend has been established in heavy crude 
processing that can lead to the introduction of coal 
into existing refineries. Residue processing tech-
nologies are now being demonstrated commercially 
(ebullated bed hydrocracking) and at large pilot scale 
(slurry phase hydrocracking). These technologies can 
handle the toughest petroleum bottoms. This type of 
technology is now moving into the refining scene 
and can eventually be used to handle coal together 
with petroleum residues. It is difficult to envision 
a grass roots commercial "coal only" direct liquefac-
tion facility in North America for a long time. 
However, as more and more of the heaviest crudes 
(Cold Lake, Hondo, Boscan, Maya) make their way to 
refineries, the ability to use coal will increase. 

Additional investment is necessary for coal-based in-
frastructure. Significantly higher crude oil prices or

federal incentives for coal use will be necessary. 
However, heavier crudes are being used and the 
necessary type of hydrocracking technology Is being 
put into place. This Is the direction that would 
eventually lead to consideration of coal. Commercial 
examples in North America are Amoco and Texaco in 
the United States and Syncrude Canada in Alberta. 

Vehicle Fuels Outlook 

One concept that has gained increased attention is 
the "flexible fuel vehicle." Such a vehicle could be 
fueled with a non-oil based fuel as well as with 
gasoline. Methanol is generally considered to be the 
alternate fuel to gasoline. The main appeal of the 
concept in many circles is that it is relatively 
low-cost and low-risk. This approach addresses the 
quandary surrounding the use of methanol as a 
transportation fuel--namely that there is no large-
scale vehicle manufacturing capability, no large-scale 
fuel production capability, and no wide-spread fuel 
distribution infrastructure. The flexible fuel vehicle 
concept provides the opportunity for using methanol 
but not being restricted to it. 

Natural gas is the interim feedstock, but the long-
term objective is to produce methanol from domestic 
coal. The cost problem involved in developing new 
domestic supplies of methanol is shown in Table 1 
which summarizes SPA Pacific's estimate of the cost 
of producing methanol from natural gas and coal in 
new facilities. 

Clearly, in the near-term, only methanol from exist-
ing plants based on natural gas can be considered 
for vehicle fuel use. The long-term goal of coal-
based methanol will require much higher oil prices 
or government incentives. SFA is not optimistic 
about coal-based methanol vehicle fuel unless the 
strategic value is established and some mix of in-
centives is implemented. These incentives need to 
be based on the long-term value to the United 
States of a secure supply of transportation fuel. 

It should be pointed out that the estimated cost 
shown in Table 1 for coal-based "fuel grade" 
methanol has the potential to be significantly 
reduced by careful integration of the gasification 
and methanol synthesis. This is yet to be 
demonstrated. 

Environmental considerations are providing a driving 
force for oxygenated fuels in general in some areas 
of the United States. Excessive ozone levels in 
southern California have led to a strong movement 
to use some methanol in vehicles, thereby reducing 
hydrocarbon emissions. 

In summary, conventional economics alone will not 
bring methanol into the gasoline based transportation 
sector. The flexible fuel vehicle provides the 
mechanism to circumvent some of the toughest issues 
In Introducing an alternate fuel into the transporta-
tion sector. Nevertheless, establishment of a 
strategic priority is necessary for methanol to be 
used in any reasonable time frame. 
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TABLE 1 

WSTh XE wNEN PLMIr NKmMflL
FROM M&I11IIAL GAS NW COAL

(Plant Size 2,500 Tons Per Day) 

Natural Gas	 Coal 

Process	 Steam/Methane	 Texaco Coal 
Reforming	 Gasification 

Capital Costa	 $340 Million	 $790 Million 
Methanol Cost, Cents/Gallonb 

Fixed	 8	 19
Variable 

Raw Material c	 25	 17 
Others	 2	 2 

Total Variable	 27	 19 
Capital Charges	 34	 79 
Total	 69	 117 

Notes 
'constant 1988 dollars for a new stand alone greenfield site 

including contingencies and offsites, however, excluding lo-
cation allowances. 

bConstant 1908 dollars assuming 90% annual load factor 
cNatural gas U $2.50/million BTU 
Bituminous coal @ $30/st ($1.33/million BTU) 

d2$% annual capital charge rate (equivalent to a simple four-
year payback) 

Outlook 

There is no immediate sense of urgency to implement 
alternate fuel technologies. However, there are 
areas such as the electric utility industry where 
planning for coal gasification is an essential pan of 
future power generation strategies. Methanol can be 
considered as both environmentally clean and as a 
strategic means of adding diversity to the supply of 
transportation fuels over the long term. The current 
introduction of new residue processing into refineries 
potentially paves the way for coprocessing of coal 
to augment conventional feedstocks.

Finally, the technical success of a number of com-
mercial scale synthetic fuel plants in the United 
States and Canada has been encouraging. With a 
strong technical foundation, alternate fuels offer the 
kind of strategic flexibility that is essential in 
today's uncertain business world. 
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TECHNOLOGY 

RAND REPORT ANALYZES PERFORMANCE Of 
MEGAPRWECTS 

A March, 1988 report by the RAND Corporation is 
the last report of the Process Industries Agenda of 
RAND's Private Sector Sponsors Program. The Agenda 
was supported by firms in the energy and chemical 
industries and was directed by S. W. Merrow. 

This project was motivated by the concern of many 
people in industry and government worldwide that 
very large projects--so-called megaprojects--have had 
problems that match their physical and financial 
size. This study is the first systematic analysis of 
a substantial number of megaprojects. 

Megaprojects--projects requiring huge physical and 
financial resources--have become relatively common 
in the past 15 years, as a result of demands for 
new remote mineral resources, needs for infrastruc-
ture in less-developed countries (LDCs), and the 
desire to exploit economies of scale. Despite the 
very great concerns of the actual and potential 
sponsors of such projects, no systematic empirical 
analyses have previously been made of the costs, 
problems, and operations of megaprojects. The RAND 
report explores those issues by examining 52 civilian 
projects ranging in cost from $500 million to over 
$10 billion (in 1984 dollars). 

Using primarily public sources, RAND developed a 
database with which to address the following ques-
tions: 

- Have megaprojects generally met their cost, 
schedule, and performance goals? 

- Do megaprojects typically display poorer out-
comes than smaller projects? 

- What factors drive good and bad outcomes? 

- What steps can be taken to minimize the 
cost, schedule, and performance risks as-
sociated with rnegaprojects? 

Most of the projects in the database met their per-
formance goals; many met their schedule goals; but 
few met their cost goals. The average cost growth, 
measured from the beginning of detailed engineering 
(a fairly late point in project evolution), was 
88 percent. The total cost overruns for 47 projects 
amounted to over $30 billion, in constant 1984 dol-
lars.	 Only four of the projects examined actually 
came in on budget. In contrast, the average 
schedule slippage (measured from the beginning of 
detailed engineering to the end of construction) was 
only about 17 percent, and more than 30 percent of 
the projects were completed within the allotted 
time. 

In terms of percentage cost growth or schedule slip-
page, megaprojects do not appear to have much

worse outcomes than merely "very large" projects. 
For example, the percentage cost growth for projects 
that cost over $2 billion was not significantly dif-
ferent from that for projects costing between 
$500 million and $750 million. However, that Is 
small comfort. The absolute value of cost overruns 
and schedule slippage increases with the size of 
projects, putting very large sums at risk in the case 
of megaprojects.	 RAND did find that very large 
projects and megaprojects appear to have more cost 
growth than smaller projects. The average cost 
growth for projects in RAND's earlier pioneer plants 
database with capital costs under $500 million was 
only 31 percent, and similar cost growth Is reported 
in other sets of smaller projects. 

According to RAND, cost growth and schedule slip-
page for projects in the megaprojects database are 
driven primarily by conflicts between the projects 
and host governments, i.e., institutional problems 
relating to environmental regulations and opposition, 
health and safety rules and regulations, and labor 
practices and procurement controls. The importance 
of such institutional factors clearly distinguishes 
megaprojects from their smaller cousins. 

Technological innovation also plays a role in project 
outcomes. Doing something different--even slightly 
different--increases cost growth and schedule slip-
page and dramatically increases the probability of 
operational problems. 

Projects in remote areas and LDCs generally cost 
more than other projects, but they do not manifest 
more cost growth, because estimators take into ac-
count the added costs associated with more difficult 
logistics. Unfortunately, but not surprisingly, 
projects in LDCs are more likely to experience 
operational difficulties. 

RAND recommends that the sponsors of megaprojects 
take the following steps to make their projects less 
risky:

Significantly broaden	 the	 scope	 of the 
project	 definition phase	 to	 rigorously and 
systematically include	 cultural,	 linguistic, 
legal,	 and,	 above	 all,	 political	 factors. This 
means	 much more	 than	 performing	 the sort 
of	 "political risk	 assessments"	 that	 have be-
come	 popular in	 the	 wake	 of	 the	 Iranian 
revolflion. It	 means,	 for	 example, that 
research	 on local	 labor	 practices	 and rules 
should	 be	 at least	 as	 thorough	 as	 the soils 
and hydrology work done at the site.

Train project managers to be geared at least 
as much to the project's institutional en-
vironment as to the internal project or-
ganization. Include experts on institutional 
issues in the projects, to provide broader 
support for project managers. 	 For example,
having the operating manager for the project 
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work with the project's institutional environ-
ment in the early phases might provide some 
valuable project management support. (Of 
course, the project manager would have to 
remain in control of the project until the 
start of production.) 

Question whether the introduction of proposed 
new technology, construction techniques, or 
design approaches is absolutely essential to 
the mission of the project. Sometimes in-
novation cannot be avoided in a megaproject, 
but it is prudent to investigate, following 
the dictum of always attempting to "make 
mistakes on a small scale and make money 
on a large scale." 

Background 

The past 20 years have seen a virtual explosion in 
the number and variety of very large, so-called 
megaprojects--mammoth hydroelectric projects such as 
Tarbela in Pakistan, ltaipu in South America, and 
James Bay in Canada; pipeline projects such as the 
Trans Alaska Pipeline System (TAPS) and Argentina's 
Centro-Oeste Project; refinery and petrochemical 
complexes in Indonesia, Texas, and Saudi Arabia; 
mining and minerals-extraction projects such as Cer-
rejon in Colombia, the Stattjord Platform in the 
North Sea, Australia's Cooper Basin Project, and 
Papua New Guinea's huge copper and gold mining 
complexes; nuclear powerplants in many countries and 
synthetic-fuels plants in South Africa, Canada, and 
Colorado; and basic infrastructure projects such as 
shipping ports, airports, new cities, and universities. 
Increases in the size of fixed capital projects have 
been driven by the desire to exploit economies of 
scale, the needs of less-developed countries (LDCs) 
for basic infrastructure development, and the need 
to exploit increasingly remote and low-grade energy 
and other mineral resources. The desire of owners 
to go through complex and difficult approval 
processes once for a very large project rather than 
several times for smaller ones may also have in-
creased the number of megaprojects. 

As prices - of energy plummeted and much of the 
world sank into a period of recession or slow 
economic growth in recent years, the number of new 
starts of megaprojects declined. There is a common 
perception that megaprojects are not only difficult, 
but often unsuccessful. Whether megaprojects 
succeed or fail and the ways in which they do so 
are important, for a variety of reasons. A success-
ful megaproject can spur economic growth In LDCs, 
while a failure can set development back for years. 
Such enormous sums of money ride on the success of 
megaprojects that company balance sheets and even 
government balance-of-payments accounts can be af-
fected for years by the outcomes. Security in 
energy and other natural resources can be either 
enhanced or jeopardized by the success or failure of 
a megaprojeet. 

Cost Growth in Megaprojects 

The database developed In the study consists of 
52 projects with an average cost of about $2 billion

(in 1984 dollars), which required, on average, more 
than four years from the beginning of detailed en-
gineering to the end of construction. Megaprojects 
are defined simply as projects whose capital cost for 
completed construction (without any startup costs) 
exceeds $1 billion in constant 1984 dollars. 

Megaprojects have a number of characteristic traits 
that are closely associated with many of the 
headaches that are presumed to accompany very 
large projects.	 Megaprojects tend to stretch avail-
able resources to the limit (and sometimes 
beyond)--resources such as labor, supplies of bulk 
materials such as concrete and pipe, managerial 
skills, and information systems. Megaprojects are 
often built in areas with Inadequate basic infrastruc-
ture, i.e., transportation, communications, housing, 
and health and sanitation facilities. 	 The climate
may be hostile and the culture alien to those 
responsible for project management. Megaprojects 
often have a high profile within the sponsoring firms 
and agencies and in the politics of the host 
countries or political subdivisions. 	 Megaprojects 
rarely go unnoticed by regulators. The success of 
these projects is so important to their sponsors that 
firms and even governments can collapse when they 
fail. Finally, megaprojects are usually long projects; 
thus there Is ample time for things that affect 
project outcomes to change,	 and there is less 
likelihood	 of maintaining continuity in project 
management. 	 Megaprojeets, even when highly suc-



cessful, are difficult projects. 

RAND used the ratio of actual to estimated costs to 
assess the cost growth found in the megaprojects 
database. Refineries experienced about the same 
degree of cost growth as other process plants; on 
average, their costs increased about 65 percent over 
the estimate. 

Minerals-extraction facilities (oil production plat-
forms, minerals development, etc.), civil works and 
transportation projects such as dams, new cities, and 
pipelines,	 and nuclear powerplants generally ex-
perienced worse results. 	 Their APE estimates were,
on average less than half of the final cost, in con-
stant dollars. Unlike facilities in the other three 
categories, none of the minerals-extraction projects 
or nuclear powerplants were well estimated; in the 
best of them, cost grew by over a quarter, while in 
the worst, it nearly quadrupled. However, some of 
the refineries and process plants experienced more 
cost growth than the average minerals-extraction or 
nuclear plant projects. in fact, the worst of the 
process plants in terms of cost growth ranks with 
the worst of the extraction and nuclear projects. 
The largest cost growth was incurred by the Trans-
Alaska pipeline System. 

In Figure 1 the cost growth in megaprojects is com-
pared to that in several other types of projects. 
The average growth (88 percent) for megaprojects is 
about the same as that in major United States 
weapons systems developed in the 1950's, when such 
systems embodied a great deal of technological ad-
vance. it is substantially higher than the growth in 
any other group of projects shown. 
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FIGURE 1 

COMPARATIVE COST GROWTH OF 
DIFFERENT TYPES OF PROJECTS 
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Performance and Technological Innovation 

Unlike cost growth and schedule slippage, which are 
often the result of regulatory problems and other 
project -management and strategy-related factors, 
performance depends primarily on the smooth 
functioning of project technology. Established, com-
mercially proven technologies should not and usually 
do not result in performance problems. The use of 
first-of-a-kind technologies or novel systems often 
does result in moderate to severe performance 
degradation, at least for some period after startup. 

Table 1 shows the relationship between operational 
performance and the three measures of innovation 
included in the megaprojects database. The data in 
Table 1 support the widely understood notion that 
innovative technology can result in performance 
shortfalls, as well as the contention that, for 
megaprojects at least, any novel aspect can cause 
performance difficulties. Projects that were the 
largest of their type built to that time were much 
less likely to perform well than others. In addition, 
all eight of the projects that adopted new construc-
tion materials or methods experienced performance 
problems. 

TABLE 1 

RELATIONSHIP BETWEEN PERFORMANCE PROBLEM
AND DWYATIGI IN M3APW)JXS 

Always Performsd Well? 
Type Lf Innovation	 Yes No 

First-Of-A-Kind Technology 	 5	 12 
New Materials Or Methods Of Construction 	 0	 8 
Largest Project Of Its Type Ever	 7	 16 

RAPAD WRAPS UP 8-YEAR SYNFTJEI,S RESEARCH 
PROGRAM 

Japans Research Association for Petroleum Alterna-
tives Development (RAPAD) was established in May, 
1980, under the auspices of the Ministry of Interna-
tional Trade and Industry (MITI). RAPAD Is organized 
by 21 member companies from such industries as 
petroleum, fermentation, chemical and engineering. 
It inaugurated its research activities in June, 1980, 
taking charge of a national project under a seven-
year program (later extended to eight-year 1980-

1987).	 Research activities of RAPAD have covered 
the following three fields: 

- Manufacturing synfuels from syngas. 
- Upgrading tar sands bitumen and shale oil. 
- Biomass conversion and utilization. 

RAPAD's achievements during the final one-year 
period from April, 1987 to March, 1988 have been 
issued as a report. Highlights from the report are 
given in the following. 
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New Process for Fuels from Syngss 

Of the three general routes from syngas to fuels 
which have been studied by RAPAD (Figure 2), the 
Syngas to Gasoline (SIC) is the newest. 

FIGURE 2 

LIQUID FUELS PRODUCTION 
FROM SYNTHESIS GAS 
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The objects of this study are to develop a catalyst 
which can synthesize high quality gasoline directly 
from synthesis gas with a high yield and a process 
by which the desired results can be achieved. 

First, a dimethyl ether (OME) synthesis catalyst was 
developed. This catalyst has a higher material 
strength and bulk density than the conventional 
methanol synthesis catalyst. 

To demonstrate an improved STG process (two-stage 
method) which consists of DM8 synthesis followed by 
conversion to gasoline, a pilot plant having a 
capacity of one barrel per day gasoline was 
operated and STG gasoline was evaluated for motor 
fuel performance. The pilot plant was operated 
continuously for 78 days, achieving synthesis gas 
conversion to DME at 80-75 percent, and LIME con-
version to gasoline at nearly 100 percent, during 
20-day operation without supply of fresh catalyst. 

Some properties of Sit gasoline are given in 
Table 1. It Is noted that octane number (RON) is 
about 98 and durene content is less than three 
weight percent. 

Technology of Mixed Alcohol Fuel 

The third major syngas conversion route studied by 
RAPAD is	 the production of mixed alcohols 
(Figure 2).	 It is desirable that alcohols to be ad-



mixed with gasoline have high miscibility with 

Improved Fischer-Tropsch Process 

The most important objective of this research has 
been the development of new catalysts. Catalysts 
and processes that would maximize yields of liquid 
hydrocarbons, such as gasoline fraction and middle 
distillates, were explored. 

The reaction of the F-F synthesis generates a great 
deal of heat. In order to fully utilize the functions 
of the newly developed catalysts, it is necessary to 
efficiently remove the heat of reaction and to 
develop a process inhibiting the formation of carbon 
on the surface of the catalysts. As a process to 
meet these requirements, the slurry-bed process was 
studied. 

When both sulfur and alkali metals are added to 
Ru/Mn0 2 catalyst, it was found that olefins are 
produced selectively. The olefin selectivity 
(represented with ethylene/ethane molar ratio) in-
creased with increases in the amount of added sul-
fur, and decreases in the amount of added alkali 
metal when sulfur content was below 1.5 weight 
percent. 

Life tests were conducted with some Ru/oxide 
catalysts which were newly developed. Although 
there was some lowering of initial reactivity (Co 
conversion) with Ru/Mn0 2 catalysts, both catalysts 
(calcined and uncalcined) stabilized with lapse of 
test and a long life is expected. 

With composite catalysts consisting of Ru/Mn0 2 and 
ZSM-5 type zeolite, a gasoline fraction may be 
derived at high selectivity under comparatively mild 
reaction conditions. The reactivity of Fe-silicate 
(ZSM-5 type) for propylene conversion reaction is 
significantly improved with a certain activation 
treatment. 

For the purpose of evaluating a F-T process using 
the newly developed composite catalyst, a prelimi-
nary design for a fixed bed F-T process was 
developed, based on data obtained from bench-scale 
fixed bed reactor tests. The block flow diagram of 
the process is shown in Figure 1. 

FIGURE 1 

FLOW DIAGRAM OF F-T PROCESS 
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TABLE 1 

PROPERTIES OF SIC GASOLINE 

ltans Sit-iD Sit-i? 

Specific Gravity (15/4 °C) 0.7859 0.7643 
Vapor Pressure (Kg f/cm2 ) 0.465 0.565 
Distillation (°C) 

IBP 42 36 
10% 64 55 
30% 93 80 
50% 124 111 
70% 147 142 
90% 171 168 
EP 221 213 

Conposition (Vol%) 
Paraffins 19.5 30.0 
Olefins 11.5 17.7 
Naphthenes 19.7 11.4 
Aromatics 49.3 40.9 
(Durene In C 5 +) (2.0) (2.9) 
Octane Mo. RON 98.5 97.4 

MON 85.6 84.5 

gasoline and high calorific values. The miscibility 
and the calorific value are improved by the coexis-
tence of higher alcohols, such as ethanol, propanol 
and butanol, with methanol in the gasoline. RAPAD 
has aimed at the development of a technology for 
efficient production of such higher alcohols by 
catalytic reactions. 

Catalysts were developed by utilizing existing tech-
nology for preparation of alcohol-synthesizing 
catalysts as the base, and improving the type and 
composition of metal components and the preparation 
methods, so that alcohols having two or more carbon 
atoms may be efficiently produced from synthesis 
gas.	 A pilot plant based on the developed process
was then designed and constructed. 

During fiscal 1987, revamping of the pilot plant was 
performed and completed. Two apparatuses were 
newly equipped, one of them being the CO 2 removal 
apparatus, and the other the 82 to CO ratio adjust-
ment apparatus. 

The alcohols mixture produced from the pilot plant 
contains some esters and a trace of other oxygen-
containing compounds other than alcohols (Table 2). 
The products were admixed with gasoline, and the 
blended gasoline was analyzed. The 10-50 percent 
distillation temperature dropped, while vapor-pressure 
Increased, in comparison with those of the neat 
gasoline. It was confirmed that octane number of 
the gasoline increased. A fleet test was performed 
using the blended gasoline, and no major problems in 
road performance were observed.

TABLE 2 

(XtPOSITIW OF MIXED ALanx.s
FROM PILOT PLANT 

Component	 Content (Wt%) 

01.408 
c2 U5 ou

58.3 
18.2 

C3H7OH 8.6 
C4 H9OH 1.5 
C5 11 110H 0.23 
C6 H 130H 0.39 
C5 -	 Hydrocarbons 1.0 
Esters 11.3 
Ketones 0.40 
Aldehydes 0.08

Upgrading of Tar Sands Bitumen 

Refining technologies for tar sands bitumen are 
needed by which more distillate fuels with less coke 
are produced. Three different process technologies 
are being developed by RAPAD: an Improved heat 
treatment process, a solvent extraction process and 
a catalytic process (see Figure 3). 

The new heat treating process, named "UYCAR 
Process," has been developed for the production of 
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FIGURE 3 

UPGRADING OF 
TAR SANDS BITUMEN 
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clean fuel at a high yield from oil sands without 
any coke formation. It consists of hydrovisbreakthg, 
demetallizing and hydrocracking. In the 1987 efforts 
for processing Athabasca oil sands bitumen, a process 
package was prepared for a 20,000 barrel per day 
unit. 

A second process developed (Route 2, Figure 3) con-
sists of technology to refine oil sands bitumen at 
high efficiency by a combined process consisting of 
visbreaking,	 solvent deasphalting and fixed-bed 
hydrotreating. In order to utilize the byproduct 
Solvent Deasphalter Asphalt (SDA) which results from 
this process, combustion tests of SDA-water slurry 
were conducted.	 The slurry contains 68 percent 
SDA, 0.7 percent dispersant, 0.1 percent stabilizer 
and 31.2 percent water by weight. Although the 
flame was unstable and the slurry did not burn nor-
mally, it was confirmed that SDA-water slurry can 
be burned completely without rebuilding the fuel oil 
fired boiler. 

Based on the data obtained up to date, the prelimi-
nary design of a vlsbrealcing-solvent deasphalting 
combined process was developed for a 7,000 barrel 
per day unit. 

The last bitumen upgrading route studied by RAPAD 
is the catalytic process (Figure 3). Through 1987 
the tests on autoclave, bench, pilot plant, and cold 
flow models of the reactor obtained engineering data 
for scaling-up of the process. Much effort was ex-
erted on the 10 barrel per day pilot plant. 
Researchers prepared a conceptual basic design of

the commercial plant for the summary of the eight-
year development program. The process was named 
°MRH" (Mild Resid Hydrocracking) Process. here the 
term 'mild" Is used because the pressure is much 
lower than that of other hydrotreating processes. 

The hydrogen consumption distribution by each distil-
late fraction In this process shows that all hydrogen 
is consumed to produce lighter fractions, while 
hydrogen Is extracted from the unconverted vacuum 
residue and coke. 

This is exactly the pattern aimed for at the begin-
ning of the process development, the way to effect 
low investment and operating cost. But, on the 
other hand, because of this low pressure, hydrogena-
tion is not enough to meet the product quality com-
patible with the existing market, 	 and further
hydrogenation is required. 

Based on the data and know-how obtained during the 
last eight years of research and development, a con-
ceptual- basic design of a 10,000 barrel per day 
commercial plant was drawn for future use. Because 
of the prevailing low price of crude oil this process 
Is not profitable enough to allow Immediate commer-
cialization. But compared to other processes, this 
process Is expected to be more economical because 
of its low operating pressure and high liquid yield. 
Continued efforts, therefore will be exerted on the 
improvement of the process and commercialization, in 
case of a rise In crude oil price which would justify 
heavy oil upgrading.	 As a step toward commer-
cialization, a demonstration study with a plant 
having a capacity of 100-1,000 barrels per day 
might be required. 

Technology of Upgrading Shale Oil 

The objective of this research is to establish the 
technology of upgrading shale oils through the 
development of pretreating technologies such as 
demetallation, hydrorefining technologies including 
denitrogenation and also high performance catalysts, 
using both	 fixed	 and	 ebullated-bed	 reactors
(Figure 4). 

For hydrorefining with fixed-bed reactors the perfor-
mance of the catalyst and product oil properties of 
each fraction were evaluated through a life-test 
conducted in the pretreatment -denitrogenation com -
bined process. A study was also made on the reac-
tivity of hydrorefined product oils in the second-
stage treating, namely, hydrofinishing, hydrocracking, 
and/or catalytic cracking. 

In the program on hydrorefining with ebullated bed 
reactors a refining system composed of ebullated-bed 
type hydrorefining (first-stage treating), hydrotreating 
of a mixture of syncrude and petroleum (second-
stage treating) and third-stage treating by use of 
conventional petroleum refining technologies is being 
established. 

The refining system for shale oils is shown in 
Figure 5. 
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FIGURE 4 

UPGRADING OF SHALE OIL 
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In the large-scale bench plant, three kinds of shale 
oils were hydroreflned using NM-18 catalyst at a 
reaction temperature in the range of 360-400 0 C, a 
reaction pressure of 140 kilograms per square cen-
timeter, gas velocity in the range of 
0.35-1.9 centimeters per second, liquid hourly space 
velocity of 0.7 per hour, and gas/liquid ratio In the 
range of 760-4,000 normal liters per liter.	 The 
results clarify that the activation energies of 
denitrogenatlon of shale oils from different sources 
are virtually similar and are not affected by the 
shape or capacity of the reactor, whether it is a 
large-scale bench plant or a small-scale bench plant. 

Based on the results obtained from the cold flow 
model tests and engineering data complied on the 
large-scale bench plant, a conceptual design of a 
pilot plant having a shale oil treating capacity of 
100 barrels per day was conducted. 

FIGURE 5 

REFINING SYSTEM FOR SHALE OILS 
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INTERNATIONAL 

VENEZUELA AND CANADA TO INCREASE BILATERAL 
ENERGY RESEARCH 

Venezuela and Canada will step up their cooperative 
energy research with special emphasis on the 
development and processing of heavy crudes, it was 
announced at the end of the first session of the 
bilateral technical energy committee, which met 
recently in Caracas. 

The meeting also reviewed developments in the world 
oil market and examined several proposals for tech-
nological exchanges between the two countries. 

The two sides agreed to cooperate in setting up a 
processing plant to convert heavy crude for easier 
transportation, using a special technique developed 
by Intevep, the research arm of Petroleos de 
Venezuela, the Venezuelan state oil company. 

The Canadian delegation to the meeting said that 
the technique was a breakthrough in coal-substitution 
programs, and was now being tested at a Canadian 
thermal plant. 

DOE EXPANDS INTERNATIONAL COLLABORATION ON 
FOSSIL ENERGY R&D 

M. A. Greenbaum of the United States Department of 
Energy (DOE), Office of Fossil Energy, speaking at 
the 15th Energy Technology Conference in Washington 
last winter, stated that the United States benefits 
from international research and development col-
laboration projects. 

The Fossil Energy (FE) international Program consists 
of bilateral and multilateral research and information 
projects established by agreements between the 
United States and foreign countries to improve tech-
nologies for producing and using fossil fuels. The 
program goes further than transferring United States 
technology to its bilateral and multilateral partners, 
in that it derives reciprocal benefits for the United 
States rather than unilateral technology transfer. 

To date, there are 46 active bilateral fossil energy 
agreements underway between the United States and 
15 foreign countries. The foreign countries involved 
are Brazil, Canada, Finland, India, Israel, Italy, 
Japan, Korea, Mexico, Norway, the Peoples' Republic 
of China (PRC), Spain, the United Kingdom (UK), 
Venezuela, and Yugoslavia. 

In addition, there are eight active multilateral 
projects--seven under the auspices of the Interna-
tional Energy Agency (lEA), and one with the joint

United Nations Institute for Training and Research 
(UNITAR)/United Nations Development Programme 
(UNDP) Information Center--with participation varying 
from three to more than a dozen countries over 
time. The 21 countries participating in these multi-
lateral projects include Australia, Austria, Belgium, 
Canada, Denmark, Egypt, the Federal Republic of 
Germany (FRO), Finland, Ireland, Italy, Japan, Nether-
lands, New Zealand, Norway, Portugal, Spain, Sweden, 
Switzerland, Turkey, the UK, and the United States. 

At present there are also eight new, planned 
bilateral projects between the United States and 
Canada, the FRG, France, Mexico, and the PRC. 

International projects involve most of the FE program 
offices. These offices work with international coun-
terparts to expand, enhance, and leverage their own 
domestic programs. A majority of these projects are 
task-shared; that is, each party incurs all the costs 
associated with carrying out the tasks of the project 
for which it is responsible. Many of these tasks 
reflect basic elements of the FE domestic research 
program and thus incur no additional funding other 
than that already allocated through the budgetary 
program. FE also participates in cost-shared agree-
ments in which each party contributes an agreed-
upon share of the total costs of a cooperative 
project. 

Greenbaum quoted several examples of direct benefits 
and collaborative projects in progress or completed 
such as: 

- Two active bilateral implementing agreements 
with Venezuela--I) a project to evaluate 
past and ongoing enhanced oil recovery (EOR) 
projects in the United States and Venezuela, 
and 2) a cooperative effort to develop im-
proved enhanced oil recovery thermal process 
technology. 

- A bilateral agreement with PAMA (Energy 
Resources Development) Ltd., a private 
research facility under contract to the Minis-
try of Energy and Infrastructure of Israel, to 
develop a fast heating rate oil shale retort-
ing process. 

- An active multilateral project utilizing the 
refurbished, pressurized fluid-bed combustor 
located at Grimethorpe, UK to install, test, 
and evaluate a coal-water mixture feed sys-
tem and test and evaluate an in-bed tube 
bundle supplied by the United States 
manufacturer. 

- A completed bilateral project with the 
Federal Republic of Germany in research and 
development for the conversion of methanol 
to gasoline/olefins in a fluidized bed reactor. 
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A bilateral agreement with Brazil to evaluate 
the applicability of underground coal 
gasification to the Triunfo coal deposits in 
Rio Grande do Sul for producing synthetic 
gas and other fuels for import substitution. 

A bilateral memorandum of understanding with 
Canada to conduct a program of cooperation 
In research and development activities In the 
field of tar sands and heavy oil extraction, 
processing, and related technologies.

A bilateral memorandum of understanding with 
Italy to sustain active, cooperative fossil 
energy research and development efforts 
through the exchange of scientific and tech-
nical data and information; exchange of 
scientists, engineers, and other specialists; 
and joint planning for the conduct of 
research projects. Through this base agree-
ment, more than a dozen projects have been 
or will be undertaken. 
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ENVIRONMENT 

CARBON DIOXIDE MAY BE ONLY MINOR CONTRIBUTOR 
TO FUTURE GREENHOUSE EFFECT 

The overall warming of the earth due to the 
"greenhouse" effect caused by man-made trace gases 
in the atmosphere is developing into a major en-
vironmental concern. There has been much specula-
tion that the combustion of fossil fuels may have to 
be curtailed in the future to prevent excessive buil-
dup of carbon dioxide in the atmosphere, and that 
synthetic fuels from coal could be prohibited for the 
same reason. However, it appears that carbon 
dioxide may not be the major problem after all. 

In testimony before the Senate Full Committee on 
Energy and Natural Resources, D. R. Blake of the 
University of California, Irvine, explained the relative 
role of carbon dioxide and other trace gases. 

The earth emits radiation continuously, mostly In the 
infrared region. Some of this radiation is absorbed 
by the atmosphere, which makes it warmer than it 
would otherwise be. But the warmer the atmosphere 
the more it emits back to the ground, hence, the 
ground is warmer than it would otherwise be. The 
extent to which the atmosphere absorbs infrared 
radiation is, therefore, of great importance In deter-
mining the temperature of the earth's surface. If 
the atmosphere absorbed no infrared radiation, the 
average surface temperature would be well below 
freezing, about -18 0C, and so would the air in con-
tact with it. However, the atmosphere does absorb 
infrared radiation, and as a consequence surface 
temperatures are higher than they would otherwise 
be. This warming of the atmosphere and earth's 
surface has come to be known as the greenhouse 
effect. 

Not all atmospheric gases absorb infrared radiation 
to the same degree. Indeed, the most abundant 
ones by far, nitrogen and oxygen, are the least ab-
sorbing. Of far greater importance are water vapor 
and much less abundant gases such as carbon dioxide 
and ozone. The atmospheric concentration of CO 2 is 
about 350 parts per million and is increasing at a 
yearly rate of about one part per million.	 Fossil
fuel combustion is the major source of carbon 
dioxide. About 60 percent of the carbon dioxide 
remains in the atmosphere while the rest is absorbed 
by the oceans or biosphere. 

Blake noted that one would be tempted to assume 
that the greenhouse contribution of something like 
CC12 F2 (Cl'C-12), which exists at levels of about 
0.00045 parts per million and increasing annually at 
0.00002 parts per million, would be trivial. 
However, the greenhouse effect occurs through the 
absorption of infrared radiation into specific vibra-
tional frequencies of polyatomic molecules In the 
atmosphere. Infrared radiation of the wavelengths 
which can be absorbed by CO 2 vibrations are already 
exposed to absorption of 350 parts per million of

CO21 and absorption	 these vibrations is nearly 
saturated. Increasing the concentration of carbon 
dioxide will increase the probability of absorption a 
little, but it is hard to increase the total absorption 
very much if it is already 99.9 percent. 

On the other hand, the amounts of CFC-12, CFC-11 
(CCI 3F), CFC-113 (CCl 2 FCCIF 2 ), methylchloroform 
(CH .CCl 3 ), carbon tetrachloride (CCI 4 ), nitrous oxide 
(N2O), and methane (CU 4 ) in the atmosphere are 
much smaller, and absorption in their vibrational fre-
quencies Is very far from saturation. Some of these 
absorptions happen to fall into infrared "windows", in 
which, absorption by H 2 O, CO 21 and 03 are all very 
weak or nonexistent, and the individual molecules 
can be as much as 10,000 times more effective in 
retaining infrared radiation than is the added CO2 
when the latter concentration is already about 
350 parts per million. Blake finds that the com-
bined absorptions from Increments in these gases 
over the past decade is approximately as important 
as the increment of CO 2 in contributions to the an-
ticipated overall greenhouse effect, and may become 
much more important In the future. 

Detailed measurements of various halocarbons have 
been conducted since 1978, by a number of research 
groups throughout the United States. Although the 
absolute concentrations of individual species may 
vary by as much as 10 percent between research 
groups, there Is generally good agreement concerning 
the overall trends. 

Chlorofluorocarbons 12 and 11 are the most widely 
used CFCs at this time. Both CF-1-12 and CFC-11 
are increasing at about five percent per year and 
are now found in the atmosphere at concentrations 
of about 450 parts per trillion (ppt) and 250 pint, 
respectively. 

For carbon tetrachloride, the observed rate of in-
crease is about two percent, while the current at-
mospheric concentration is about 130 ppt. 

Sales of methyichloroform grew rapidly in the 1960's 
and early 1970's, when it replaced tn- and 
perchloroethylene and carbon tetrachloride in many 
Industrial applications. The atmospheric concentra-
tion of methylchloroform in 1987 is about 150 ppt 
and is increasing at about seven parts per trillion 
per year. Global emissions for methylchloroforrn are 
actually higher than that of CFC-12 yet the overall 
rate of increase is less. This reflects the dif-
ference in atmospheric lifetime between these two 
species, 110 years for CFC-12 and about seven years 
for methylchloroform. 

The most recent addition to CFC monitoring among 
many research groups is that of CFC-113. This 
compound is used largely as a solvent to clean and 
deflux sophisticated electronic assemblies and com-
ponents.	 The large scale use of this particular 
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species began about the time regulation of CFC's 11 
and 12 began in the United States. Although this is 
a difficult species to accurately measure, the atmos-
pheric concentration is about 60 ppt and has a 
yearly Increase of about seven parts per trillion. 

AU of the CFCs are not only very efficient at ab-
sorbing terrestrial infrared radiation but also play a 
major role in transporting chlorine atoms into the 
stratosphere where they can participate in the 
catalytic destruction of the ozone layer. 	 All of 
these gases have very long atmospheric lifetimes, 
about 110 years for CFCs 12 and 113, 75 years for 
CFC-11, and about 50 years for the chlorocarbon 
Cd 4 . What this means Is that these species drift 
around until they reach the upper stratosphere. 
During this lengthy journey, these compounds have 
been absorbing outgoing radiation being emitted by 
the earth and redirecting a large portion back 
towards the ground. Once these gases are high 
enough in the stratosphere they undergo another ab-
sorption, but this time It is with solar ultraviolet 
radiation, during which a chlorine atom is ejected 
from the remaining radical. 	 At this point In time
we switch from a greenhouse problem to an ozone 
layer problem. However, because of the extremely 
long atmospheric lifetimes for these halocarbons, 
they will have contributed to the greenhouse warm-
ing for decades or even centuries before their 
chlorine begins the catalytic destruction of the 
ozone layer. 

In his summary, Blake stated that carbon dioxide, 
halocarbons, nitrous oxide, methane, and many more 
trace gases not mentioned above, are all greenhouse 
gases that can lead to global warming. Many of 
these gases are increasing In atmospheric concentra-
tions much more rapidly (in relative terms) than car-
bon dioxide due, in part, to the extremely long 
lifetime of these species. It Is unlikely that the 
rate of increase for these gases will decline sig-
nificantly before the end of the century (Figure 1). 
Because of their long lifetimes, even if all emissions 
to the atmosphere were completely halted today, 
many of these species would still be having an ef-
fect hundreds of years from now, on global warming 
and the catalytic destruction of the ozone layer.

FIGURE 1 

EXPECTED GROWTH IN
ORGANOCHLORINE

CONCENTRATIONS IN THE
ATMOSPHERE. (DASHED LINES 

INDICATE THE EFFECT IF 
EMISSIONS ARE REDUCED BY 20% 
IN 1994 AND BY 50% IN 1999.) 

7, 

G .	 OTHERS 

CH3CCI3 

PPBv	 ,// _g.	 -? 
CCI3F 
(FC-II) 

) CCIZFZ 

2	 ,^ ,	 VC-12) 

—	 Cd4 

0	
C H 5C I 

1950 1960 1970 1980 1990 2000 2010
YEAR 

1-23	
SYNTHETIC FUELS REPORT, JUNE 1988



RECENT GENERAL PUBLICATIONS/PATENTS 

GENERAL - PATENTS 

"Dephlegmator Process for Carbon Dioxide-Hydrocarbon Distillation," Gene A. Lucadamo, Howard C. Rowles - in-
ventors, Air Products and Chemicals Inc., United States Patent 4,720,294, January 19, 1988. A low capital cost, 
energy efficient process for separation of carbon dioxide, sulfide gases and hydrocarbons from carbonaceous off-
gas streams, for example, oil shale retorting off-gases, coal gasification off-gases, oxygen fire flooding off-gases 
or carbon dioxide miscible flood enhanced oil recovery off-gases is disclosed. The process comprises separation 
of the off-gases Into an essentially sulfur-free light fuel gas, a heavy hydrocarbon stream and a carbon dioxide 
gas stream wherein the off-gas is compressed if necessary and cooled prior to separation of the various streams 
in a distillation column. The carbon dioxide stream Is expanded in an auto-refrigeration step to provide some of 
the necessary process refrigeration. 

"Apparatus for Combustion of Diverse Materials and Heat Utilization," Leland M. Reed, William A. Reed, Walter C. 
Seeman - Inventors, PEDCO Inc., United States Patent, 4,724,777, February 16, 1988. A method and apparatus Is 
disclosed for combustion of diverse materials, particularly combustible solids, liquids or gases, such as sewage 
sludge, refuse, coal, refinery sludge, tar sands, coal shale, coal tailings and spent foundry sand. A rotary com- - 
bustion apparatus Is employed which consists of a cylindrical drum, or other similar regularly shaped chamber, 
with a substantially horizontal axis of rotation Including an ignition zone, a principal combustion zone, a failing 
temperature zone and a spent solids removal zone. The apparatus further includes solids transport chutes (or 
forward and backward circulation of solids, arranged for the transfer of solids to or from one or more points. 
Feedstock may also be heated by recycled hot solids. The method and apparatus employs direct solids-to-gas 
contact established by lifting and cascading combustible solids through a hot gas stream. 
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COMING EVENTS 

1988 

JUNE 5-9, WASHINGTON, D.C. -- World Gas Conference. 

JUNE 5-9, AMSTERDAM, THE NETHERLANDS -- 33rd American Society of Mechanical Engineers International Gas 
Turbine Congress and Exposition. 

JUNE 5-10, TIBERIAS, ISRAEL -- The Second International Congress on Energy. 

JUNE 5-11, FRANKFURT AM MAIN, GERMANY -- International Meeting on Chemical Engineering. 

JUNE 5-11, TORONTO, ONTARIO, CANADA -- Symposium on the Characterization and Chemistry of Tar Sand. 

JUNE 8-10, DALLAS, TEXAS -- Gas Technology Symposium. 

JUNE 9-10, SALT LAKE CITY, UTAH -- Flash Reaction Processes Fourth Annual Conference. 

JUNE 12-16, CALGARY, ALBERTA, CANADA -- The Petroleum Society of CIM 39th Annual Technical Meeting. 

JUNE 13-15, MINNEAPOLIS, MINNESOTA -- 29th U. S. Symposium on Rock Mechanics. 

JUNE 13-18, MOSCOW, U.S.S.R. -- 2nd International Energy Exhibition. 

JUNE 14-16, MORGANTOWN, WEST VIRGINIA -- Heat Engines & Gas Stream Cleanup Contractors Review. 

JUNE 20-22, WINDSOR, ONTARIO, CANADA -- 1988 Windsor Workshops on Alternative Fuels. 

JUNE 26-JULY 1, CALGARY, ALBERTA, CANADA -- Ninth International Catalysis Congress. 

JULY 4-6, VANCOUVER, BRITISH COLUMBIA, CANADA -- Applied Coal Technology Workshop, DELTA-H Institute. 

JULY 4-7, LUXENBOURG, -- 10th Annual International Conference of the Association for Energy Economics. 

JULY 4-8, NEW HAMPTON, NEW HAMPSHIRE -- Gordon Research Conference on Fuel Science. 

JULY 19-21, MORGANTOWN, WEST VIRGINIA -- Oil Shale Tar Sands and Mild Gasification Contractors Review. 

JULY 31-AUGUST 5, DENVER, COLORADO -- 23rd Intersociety Energy Conversion Engineering Conference. 

AUGUST 2-4, URBANA, ILLINOIS -- Illinois Coal Development Board 6th Annual Contractor's Technical Meeting. 

AUGUST 2-5, SILVER CREEK, COLORADO -- Confab '88, A Fossil Fuel Meeting. 

AUGUST 7-12, EDMONTON, ALBERTA, CANADA -- UNITAR/UNDP Fourth international Conference on Heavy Crude and 
Tar Sands. 

AUGUST 14-21, LENINGRAD, U.S.S.R. -- Peat Eighth International Congress. 

AUGUST 14-19, SEATTLE, WASHINGTON -- Combustion 22nd International Symposium. 

AUGUST 21-24, DENVER, COLORADO -- American Institute of Chemical Engineers Summer National Meeting, Sym-
posium on Advances in Synthetic Fuels. 

AUGUST 22-24, CHICAGO, ILLINOIS -- Underground Coal Gasification Symposium. 

AUGUST 28-31, SYDNEY, NEW SOUTH WALES, AUSTRALIA -- Chemeca: Australasian Chemical Engineering Con-
ference. 

AUGUST 29-31, BISMARCK, NORTH DAKOTA -- Symposium on Opportunities in the Synfuels Industry. 

AUGUST 30-SEPTEMBER 1, MONTREUX, SWITZERLAND -- ASME COGENTURBO, International Exhibition and Symposium 
on Turbomachinery, Combined Cycle Technologies, and Cogeneration. 
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SEPTEMBER 12-16, PITTSBURGH, PENNSYLVANIA -- Fifth Annual International Pittsburgh Coal Conference. 

SEPTEMBER 13-16, LONDON, UNITED KINGDOM -- Third International Conference on Stability and Handling of Liquid 
Fuels. 

SEPTEMBER 14-17, WILMINGTON, DELAWARE -- Energy Options for the Year 2000: Contemporary Concepts In 
Technology and Policy. 

SEPTEMBER 18-23, NEWCASTLE UPON TYNE, UNITED KINGDOM -- Carbon 88: Seventh International Carbon Con-
ference. 

SEPTEMBER 25-28, DENVER, COLORADO -- American Mining Congress. 

SEPTEMBER 25-29, MOSCOW, U.S.S.R. -- International Association for Hydrogen Energy 7th World Hydrogen Energy 
Conference. 

SEPTEMBER 25-30, LOS ANGELES, CALIFORNIA -- American Chemical Society Symposium on Coal Liquefaction. 

OCTOBER 2-5, EDMONTON, ALBERTA, CANADA -- Canadian Society for Chemical Engineering Annual Conference. 

OCTOBER 3-5, CHICAGO, ILLINOIS -- U.S. Oil and Energy in the World Context. 

OCTOBER 9-12, WHITE SULPHUR SPRINGS, WEST VIRGINIA -- American Coke and Coal Chemicals Institute National 
Meeting.

I, 
OCTOBER 17-20, TOKYO, JAPAN -- Coal Research International Conference. 

OCTOBER 18-19, MORGANTOWN, WEST VIRGINIA -- Separation Technology Workshop for Coal Gasification. 

OCTOBER 18-21, ATLANTA GEORGIA -- World Energy Engineering Congress. 

OCTOBER 23-26, LONG BEACH, CALIFORNIA -- Fuel Cell Seminar. 

NOVEMBER 13-16, TOKYO, JAPAN -- VIII International Symposium on Alcohol Fuels. 

NOVEMBER 15-17, PITTSBURGH, PENNSYLVANIA -- Coal Technology 88: 11th International Coal Utilization and 
Transportation Conference and Exhibition. 

NOVEMBER 15-18, LUXENBOURG -- Pyrolysis and Gasification International Conference. 

NOVEMBER 21-23, AMSTERDAM, THE NETHERLANDS -- Coaltech '88, 7th International Congress and Exhibition. 

NOVEMBER 30-DECEMBER 2, LEXINGTON, KENTUCKY -- 1988 Eastern Oil Shale Symposium. 
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PROJECT ACTIVITIES 

PflOBRAS STUDIES SHALE OIL FOR GAS PRODUCTION 

Petrobras, through its Oil Shale Industrialization Su-
perintendency (Six), is making changes in the opera-
tional conditions at the oil shale plant and in the 
industrial module project at Sao Mateus do Sul in 
Parana state. 

The changes favor a transformation of part of the 
shale oil into gas, which does not bring advantages 
from the energy viewpoint, but has an advantage as 
regards shale gas use. Technologies are available, 
such as the fabrication of ceramics which results in 
Improved product quality and decreased production 
costs, making the use of gas imperative. 

The actions of Petrobras derive from the fact that 
firms are interested In the use of shale gas for 
ceramics fabrication. lndustria Ceramics Parana-
Iricepa; for example, which holds 10 percent of the 
overall ceramics market in Brazil, almost had to shut 
down due to problems with petroleum-derived gas 
supplies. In line with a protocol signed with 
Petrobras, incepa will begin to Implement a ceramics 
complex at Sao Mateus do Sul with installation of 
an industry scheduled In two stages, with invest-
ment.s of US$35 million for each stage. Completion 
Is expected in two years. In its initial stage It 
will create 700 new jobs and a similar number in 
the second stage. 

Process Improvements 

At the same time, work is in progress with a view 
to Improving the thermal efficiency of the Petrosix 
process aiming to reach a gain of three percent 
more energy.	 Similar work is going on with the 
program for shale fines utilization. Last year, a 
new electrically heated reactor pipe was assembled 
In the Plasol process, which will permit tests to be 
made and the gathering of data needed for final as-
sessment of the process. 

For utilization of residues (fines, retorted shale and 
sludge) a shale fines retorting pilot plant with a 
spouted bed was erected. Also being assembled is a 
fluidized combustion boiler which will allow for the 
substitution of fuel oil by shale residues. 

Commercial Module 

The construction of the industrial module Is now at 
the following levels: 

94 percent completed for ore treatment 
73 percent completed for retorting 
47 percent for gas treatment 
20 percent for sulfur production 
60 percent for utilities 
18 percent completed for complementary Sys-
tem.

Investments made so far in this project correspond 
to US$37.1 million. US$17.4 million more are con-
tracted for services and equipment under fabrication. 
Nevertheless, US$ 20 million more will have to be in-
vested to conclude the project. 

A delay is likely to occur for plant startup because 
officially imposed budget cuts for Petrobras also af-
fected this project. Thus, plant startup is forecast 
for yearend 1989. 

Geological Studies 

The use of microcomputers by the mineral industry 
has favored a big advance in reserve assessment 
methods and, particularly, in geostatistics. 

The new technique requires additional efforts for 
upgrading the skills of professionals as well as the 
quality of software utilized in microcomputers. 

At Petrobras, one of the first activities in this area, 
aimed to assess oil shale deposits, Is being developed 
for the company's oil shale industrialization superin-
tendency. In addition to training professionals, it 
aims at the implantation of an optimum research 
network, contour map generation, obtaining accurate 
Information	 for	 exploitation	 planning,	 feed
homogenization for retorts and others. 

The results obtained from geostatistical studies of 
pyrobituminous shale samples for the irati Formation 
turned out promising. 

The main objective was to establish accurate es-
timators to assess deposits which usually involve 
great uncertainties. 

The variogram is the main tool for geostatistical 
studies. This is a function that permits studying the 
interdependence among specially distributed samples 
reflecting both the randomness and the structural 
aspect of the deposit. 

In the geological research developed for detailing 
the oil shale mine deposit, 122 core samples were 
drilled with continuous coring, of which nine core 
samples were utilized for the study, totaling an 
analysis of 586 samples. 

The variographic study of the oil content distribution 
of the pyrobituminous layers in the vertical direction 
was developed by the analysis of each core sample 
leading to the average deposit variogram. 

The deposit at Sao Mateus do Sul is located on the 
east bank of the Parana Basin, a long depositional 
depression, constituted of paleozoic, mesozoic and 
cenozoic sediments associated with volcanic rock. 

The lrati Formation in the region is constituted of 
two depositional cycles which culminate with the 
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sedimentation of blackish, finely laminated 
pyrobituminous shale layers, rich in organic matter 
which produce oil and gas when heated. 

The deposit presents two pyrobituminous shale layers 
separated by an intermediate sterile layer, con-
stituted of marble and siltstone with a tendency 
toward decreasing content from the top to the bot-
tom of the layers. 

The experimental mine of the Irati plant has an area 
of about 70,000 square meters with two utilizable 
pyrohituminous shale layers. The upper layer has an 
average thickness of 4.87 meters with an average oil 
content of 7.03 percent by weight. The lower layer 
has a thickness of 3.17 meters and an average oil 
content of 9.20 percent based on a modified Fischer 
Assay. 

JOSECO TO START 100-DAY CONTINUOUS RETORT RUN 
IN JULY 

Japan OH Shale Engineering Company, Ltd. (JOSECO) 
was established in 1981 as a Joint venture of 
35 leading Japa tese companies in various industrial 
fields Including iron and steel, heavy machinery, 
mining, cement, plant engineering, oil refining, and 
trading. 

In the first phase of JOSECO's activities, research on 
the basic properties of various kinds of oil shale 
and experiments using three small scale retorting 
plants were carried out. These small scale plants 
processed three tons per day of oil shale each. 
This study was carried out from 1981 to 1983. 

In the second phase of activity, experiments using a 
pilot plant, having a capacity of 300 torts per day, 
are being conducted. This phase started in fiscal 
year 1983. 

In Phase I,	 the budget of four billion yen 
($30 million) was wholly funded by the Japanese 
government. In Phase II, Japan National Oil Cor-
poration, subsidized by the Ministry of International 
Trade and Industry, takes care of 75 percent of the 
budget, and the remaining part of the budget comes 
from JOSECO's 35 share holding companies. The to-
tal budget for Phase II is about 11 billion yen 
($85 million). 

The	 pilot	 plant	 is located in	 Kitakyushu	 City ap-
proximately	 1,000 kilometers west	 of Tokyo. The 
heart	 of	 the plant is composed of shaft-type retort-
ing	 and	 gasifying facilities. Circular	 grate type 
drying	 facilities	 were	 also installed	 to	 study the 
economics of predrying high water content oil shale.

Fluidized-bed combustion facilities were also installed 
to study the efficient combustion of carbon in raw 
fine shale and residual carbon in retorted shale.

The construction of the pilot plant was completed in 
December 1986. After integrated trial runs of the 
plant and on-the-Job training of operators, ex-
perimental operation started in May 1987. Condor 
shale from Australia and Maoming shale from China 
in the amount of 20,000 tons each were prepared 
for the operation. 

In fiscal year 1987, the plant operated for about 
100 days in total including 20 days of continuous 
operation. 

With respect to retorting performance, an oil 
recovery rate of 100 percent of Fischer Assay was 
obtained at a feeding rate of 220 tons per day. 
Gasification of the residual carbon in the retort was 
from 70 to 80 percent as planned. About 
70 percent of the heat recovered from the gasifying 
process was transferred to the recirculating retort 
gas through two heat exchangers. 

One problem encountered was that a very fine dust 
is stuck to the Inside wall of the tubular heat ex-
changers, and the heat exchange coefficient dropped 
down rapidly below the design level. A steel shot 
cleaning device was installed to overcome this 
problem.	 After taking this measure, the heat ex-



change performance has been maintained well above 
the design level by periodical shot cleaning. Seven 
millimeter diameter steel balls are dropped through 
the tubes once per shift. 

Another problem was encountered in the circular 
grate drier, when dried shale caught fire as the 
operation was stopped. This problem was solved by 
adding a nitrogen blanket. With regard to fluidized 
bed combustion performance, combustion efficiency of 
more than 90 percent was achieved at the combus-
tion temperature about 9000C. 

The plant was operated successfully, and it Is now 
being overhauled. The plant will go back into 
operation in July this year. 

The plant will process about 30,000 tons of oil shale 
transported from Maoming, China. 

The operation in 1987 was intermittent, including 
20 days of continuous operation. The operation in 
this year, however, will be continuous, lasting about 
100 days. The test aims at evaluating the 
reliability of the technology through the long-term 
operation. 

Future Plane 

According to JOSECO representatives, there are as 
yet no firm plans for operation beyond 1988. Al-
though the situation surrounding oil shale is very 
difficult, and the time of commercialization of oil 
shale has been postponed further than expected, 
JOSECO believes that oil shale still holds an impor-
tant position in synthetic fuels. Therefore Japan 
should establish oil shale development technology 
preparing for the future. 

2-2	 SYNTHETIC FUELS REPORT, JUNE 1988 



The purpose of research and development on oil 
shale is to improve energy security. This is espe-
cially true of Japan which has few hydrocarbon 
resources, If Japan could develop advanced technol-
ogy for oil shale, they would then be able to 
cooperate with nations having ample resources by 
developing oil shale deposits using such technology. 

Through the operation of the pilot plant, the ef- 
ficiency of the process will be proved, and basic 
engineering data will be acquired. The pilot plant 
having a capacity of 300 tons per day, however, Is 
rather small compared with practical plants. JOSECO 
recognizes that operation of a middle scale plant, 
for example, a semi-works plant with a capacity of 
1,000 tons per day to 3,000 tons per day should be 
required as a next step towards the goal of com-
mercialization. 

Considering the volumes of shale necessary to 
operate a semi-works plant, It is likely that such a 
plant would be constructed and operated In a 
country which Is rich in oil shale.

Japan has developed a good relationship with China 
through receiving oil shale for the test plants and 
accepting Chinese engineers to the plants. In China, 
oil shale Is being produced commercially and they 
are Interested In modernization of their existing 
plants. Thus there is a possibility of cooperation In 
developing Chinese oil shale deposits (Figure 1). 

For instance, at the request of the Ministry of Coal 
Industry of China, Japan Is conducting with them a 
preliminary feasibility study of the Longkou deposit 
in Shandong province which contains high oil content 
oil shale and coal. The oil shale produced in 
Longkou is now being burnt with coal at a power 
plant. The study is to investigate the possibility of 
producing oil from the shale. 

When considering conditions such as operating costs 
and geographical location, China might be the most 
attractive country for Japanese activities In oil 
shale. 

FIGURE 1

OIL SHALE DEPOSITS OF THE PEOPLE'S REPUBLIC OF CHINA 
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RAMEX PULLS OUT OF KENTUCKY, MOVES TO INDIANA 

It was reported earlier (Pace Synthetic Fuels Report, 
March 1988, Page 2-1) that Rnmex Syn. Fuels Inter-
national had made arrangements to test its in situ 
shale gasification process in Kentucky. 	 in an April 
letter to shareholders, Ramex reported that in 
February the drilling rig did, in fact, move into the 
area and drilled a 311 foot core sample. They then 
moved the drilling rig to the second site for the 
second core sample. Before they had an opportunity 
to begin drilling, the Commonwealth of Kentucky, 
Natural Resources and Environmental Protection 
Cabinet ordered the operation to cease. 

The Environmental Protection Cabinet told Ramcx 
that they needed a permit to be able to continue 
the operation. According to Ramex the cabinet said 
no permit had ever been issued under the governing 
legislation, and it would be necessary to make a 
study to determine what was required for them to 
issue a permit. 

Ramex then met with the Director of Energy Policy 
for the State of Indiana and said they were assured 
that there would be no problems in developing the 
process in Indiana. The company then Identified a 
site in Indiana and decided to move the operation 
there. 

The area of interest in Indiana Is approximately 
20 miles north of Louisville, Kentucky, near the 
small community of Henryville. 	 It is along 
Highway 31 and Interstate 65. The Indiana site is 
adjacent to a gas pipeline, the overburden above the 
shale is only 25 to 50 feet and the terrain Is flat 
and easily accessible. 

In a further communication on May 10, Ramex 
reported that the Ostertag #1 Well In Clark County, 
Indiana was completed on April 26, 1988 at a depth 
of 81 feet. The downhole heater was turned on at 
7:28 p.m. on May 9, 1988. The formation is begin-
ning to produce and It will take approximately three 
weeks to get it into full production. 

Representatives from PAMA (the Israeli state owned 
utility) visited the site and are reviewing the 
project for possible application in Israel. 

Process Background 

Ramex has provided an overview summary of the 
process, as developed by D. H. Nielson. According 
to Nielson, he began working on the process in the 
1960's. He did some calculations and found that it 
was theoretically feasible to extract kerogen from 
shale in situ. After several laboratory tests he be-
came convinced it was possible to extract a gas 
from oil shale very efficiently. 

In 1980, he organized Ramex and went back into the 
laboratory, working with shales containing 15 to 
17 gallons of kerogen per ton. 

The first attempt involved a block of shale that was 
one cubic foot in size.	 He drilled a hole through

the center, then put an electric heater in the hole. 
He found that a gasification reaction began, with a 
one-halt inch band that began moving outward from 
the bore hole into the shale. The half inch reac-
tion zone was converting the solid kerogen to a gas, 
which was then produced through the bore hole. 
Next, the experiment was scaled up to a three foot 
cube. These tests were run with a western shale, 
and produced a gas, which came off originally at 
approximately 550 BTU per cubic foot and a liquid 
with an A.P.I. gravity of approximately 45. 

Going to larger blocks of shale and richer shales the 
gas changed from 550 BIll up to approximately 
800 BTU per cubic foot. 

It was found that the heat transfer through shale is 
very rapid. Nielson attributes this to the Influence 
of radiative heat transfer at temperatures above 
1,200°F. 

Most of the traditional shale work had been done at 
about 900 to 950°F and very little of it at higher 
temperatures. When operating at a temperature of 
approximately 1,200 degrees the result was about 
four times the heat transfer rate. A lot more heat 
transfer for just a small rise in temperature has a 
dramatic affect on the process and the economics. 
At this higher temperature essentially no liquid is 
produced. 

This work took place during 1979-1980. In 1980 
Ramex was formed as a limited partnership, and 
raised some money for a field test. 

The first attempt was in a low grade shale around 
six to 10 gallons per ton. Ramex found they could 
extract gas, but it was a low grade gas of around 
350 BTU per cubic foot. The next step was to drill 
a full-size hole with a heater in a richer shale. 
They built a gas fired heater and put it into a hole 
about 80 to 85 feet in depth in a richer shale 
(about 25 gallons per ton). This time the gas ran 
from 800 to 850 BTU per cubic foot. 

Propane was used to fire the heater. The heater 
was about 18 inches in diameter and abut 10 feet 
long. This required a 20 inch diameter hole to be 
large enough to allow the gas to pass up freely 
around the heater. 

The first field test was run in Eastern Utah, just 
outside of Duchesne. Ramex then built an additional 
heater and set up a pilot project test near Rock 
Springs, Wyoming. 

The two units were fired up during the summer of 
1987 and ran for about three months in the Green 
River shale. These shales were rated about 25 to 
30 gallons per ton. The extracted gas was in the 
800-850 BTU range, and was produced at a rate of 
50,000 up to 75,000 cubic feet per day, per unit 
from the two units.	 Fuel usage averaged
15.1 gallons of propane per day per heater. 

These wells were about 65 feet in depth and started 
at 24 Inches in diameter, then stepped down into a 
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20 inch hole where the heater was set in place. 
The heater was sealed at the top with a high tem-
perature insulating material. Gas lines running into 
the heaters provided propane and air. Output lines 
were provided for the exhaust from the burning of 
the propane and the product gas that was collected 
around the heater (Figure 1). 

FIGURE 1

RAMEX IN SITU
GASIFICATION PROCESS 

I. 
TOP VIEW 

The heaters consisted of cylindrical containers 
18 inches in diameter and 10 feet long made from a 
special alloy steel. 	 Inside there was a center ac-
cess way for the air and gas. This came to a 
combustor and the air and gas were mixed at that 
point, and were ignited so the flame provided the 
heat and there were baffles built in to make the 
heat swirl from the bottom to the top. 	 Then on
the top of the container there was an exhaust port. 

Ramex reports that when the temperature of the 
formation reached 1,200 degrees or so, the gasifies-

tion reaction began under ground and began to move 
out from the bore hole, turning the kerogen from a 
solid state into a gaseous state as it moved out. 
The heat moved through the spent shale with very 
little temperature drop. In fact, Nielson says the 
temperature at the edge of the heater and the tem-
perature at the inside edge of the reaction zone is 
practically the same. He attributes this to the fact 
that with the temperature at that level, the little 
voids in the rock which contain the kerogen actually 
become black body radiators and rapidly radiate the 
heat across to the reaction zone. 

Ramex ran computer models to determine how far 
out this effect would go and arrived at ap-
proximately a 100 foot radius. For practical use 
they took halt of that value or 50 feet. They cal-
culate that it will take five years to reach a 
50 foot radius. The fiT!) value of the gas and the 
volume would remain about the same during the en-
tire five year period. 

Accelerated time temperature tests were run on the 
heater material to determine its life. Ramex 
believes they will last well beyond the five year 
period. 

Ramex is considering 20 or 30 foot long heaters, 
which they feel should double or triple the current 
volume of production from a single well. The quan-
tity of production really depends on the richness of 
the shale, and how tightly the hydrocarbons are 
bound into the shale itself. With shale of around 
20 to 25 gallons per ton, they expect to get 
75 thousand cubic feet per day or higher. In a 
lean shale most of the heat goes into heating up 
the rock, a small percentage goes into the heating 
of the kerogen itself. 

The only pressure available to produce the gas is 
created from the solid kerogen going to the gaseous 
state. That Is about a 50 times volume expansion, 
and creates only a relatively low pressure. So it is 
necessary to compress the gas to measure and 
transport it. Since the process does not involve a 
pressure driven reservoir and the gas is coming out 
through reaction, the bulk of the sulfur and the 
heavy metals stay in the shale and do not come to 
the surface with the gas. 

The first wells were drilled in late 1986 and were 
fired up the first time in June, 1987. The wells 
started producing gas approximately eight hours after 
the burners were fired. It took approximately seven 
days for the heaters to heat the formation and sta-
bilize the gas production.	 On day 10 the wells 
were producing 50,000 cubic feet per day. in the 
first 10 days there was very little liquid produced 
as the temperature approached 1,200 0 F. The produc-
tion increased steadily through the test and on the 
32nd day the wells were producing 75,000 cubic feet 
per day at 824 BTU per cubic toot. A gas analysis 
Is reported in Table 1. 

The heaters used an average of 15.1 gallons per unit 
per day of propane to fire the burners, which 
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equates to $0.13 per thousand cubic feet at current 
propane prices and 75 9 000 cubic feet per day 
production.

TABLE 1 

GAS ANALYSIS FROM RAMEX FIELD TEST 

Carbon Monoxide 2.17% 6.8 BTU 
Carbon Dioxide 28.32% 0.0 BTU 
Methane 38.1% 378.7 BTU 
Ethane 7.27% 126.6 BTU 
Ethylene 14.55% 229.3 BTU 
Propylene 7.27% 83.5 BTU 
Water 2.32% 
Nitrogen .10%  

824.9 BTU
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CORPORATIONS 

THE NEW PARAHO CORPORATION ANNOUNCES PROFITS 

The New Paraho Corporation announced profits for 
the six months ended December 31, 1987 of 
$4,919,112 on total revenues of $5,536,998. For the 
quarter ended December 31, the company's profits 
were $5,175,997 on revenues of $5,535,912. The 
earnings were primarily the result of the sale to 
Tosco of the company's oil shale properties in west-
ern Colorado during December of 1987. The com-
pany received a down payment of $575,000 cash and 
a note receivable of $5,780,850. Payments consist 
of five percent interest only for three years and 
equal principal payments plus five percent interest 
for the next fifteen years. 

The company is continuing to do research on the 
application of shale oil to reduce moisture damage 
to asphalt pavements. The total project is estimated 
to cost $2,500,000. The company spent $617,886 on 
the project during the six months ended December 
31, 1987 and $359,915 in the quarter ended Decem-
ber 31, 1987. 

SPP/CPM ANNOUNCE AGREEMENT ON TACIUK 
PROCESSOR 

Southern Pacific Petroleum N.L. (SPP) and Central 
Pacific Minerals N.L. (CPM) announced on May 19 the 
signing of an agreement for the use of oil shale 
processing technology with the Alberta Oil Sands 
Technology and Research Authority (AOSTRA) of Al-
berta, Canada. The technology, known as the Taciuk 
Processor, is proposed for use in the initial commer-
cial development of the Stuart Oil Shale Deposit. 

The Agreement provides for SPP and GPM, upon 
electing to proceed with construction of a plant at 
Stuart, to license fee-free use of the technology for 
world wide oil shale applications. In addition, SPP 
and CPM will have the exclusive right to license the 
technology to third parties in Australia. SPP, CPM 
and AOSTRA will share the proceeds from world wide 
licensing of the technology for oil shale applications. 

The Taciuk Processor was conceived by William 
Taciuk of UMATAC Industrial Processes Division of 
UMA Engineering Ltd., a Canadian engineering firm. 
The technology is owned by AOSTRA who have 
funded the development of the process, by IJMATAC, 
since 1977. 

The Taciuk Processor was originally designed for the 
processing of Alberta Oil Sands and has been subse-
quently adapted to oil shale. The decision to use 
the technology and the resulting agreement are the 
culmination of three years of investigations into use

of the technology for processing the oil shale from 
the Stuart Deposit (which is near Gladstone in 
Queensland). The final phase of testing involved the 
successful processing of 1,400 tonnes of oil shale in 
an 85 tonne per day pilot plant which is located in 
Calgary, Alberta. This program confirmed previous 
findings concerning the operability and yield of the 
process and provided the foundation for the deter-
mination of the engineering and cost data upon 
which the scope, design and costs of the plant 
proposed for Stuart are based. 

UNOCAL NOTES PROGRESS AT PARACHUTE PROJECT 

Unocal Corporation in its 1987 Annual Report, noted 
developments in the Energy Mining Division. It said 
the company achieved significant production levels in 
1987 at its shale oil project near Parachute, 
Colorado. This facility Is the first commercial-scale 
shale oil venture in the United States. It reflects 
Unocal's long-term commitment to develop Innovative 
technology to unlock America's vast shale oil 
reserves--reserves	 estimated	 to	 be	 at	 least
600 billion barrels, more than OPEC's total proved 
crude oil reserves. 

At the Parachute project, Unocal mines and crushes 
shale ore, than retorts the crushed material to 
produce the raw shale oil. A nearby upgrading 
plant removes impurities from the raw shale oil to 
yield a high-quality syncrude. 

The report said that through continuing design 
modifications and improved operating experience, 
Unocal engineers achieved test runs at 80 percent of 
design capacity (shale feed) and recovery levels of 
about 5,000 barrels per day of raw shale oil during 
the year. In 1987, the company produced over 
600,000 barrels of high-quality synthetic crude oil, 
which was shipped to Unocal's Chicago Refinery for 
conversion into a full range of transportation fuels. 
This contrasted to 200,000 barrels reported in 1986. 
The ultimate goal Is still to achieve steady produc-
tion at design capacity--about 10,000 barrels per 
day. 

In June 1987, Unocal announced Its decision to ter-
minate the fluidized bed combustor (FBC) augmenta-
tion program, described in the 1986 Annual Report. 
Although engineering and cost studies for the FBC 
confirmed the feasibility of this advanced technology, 
the costs greatly exceeded original estimates. 

The increased cost, combined with the oil price col-
lapse and the loss of the investment tax credit, 
meant that the FBC was no longer economically vi-
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able, even with government price supports and loan 
guarantees. 

To stimulate Unocal's pioneering efforts in shale oil 
technology, the federal government awarded Unocal a 
price support contract In 1181. Under the terms of 
this contract, the government paid Unocal 
$17.4 million in price supports for syncrude produc-
tion in 1987. 

For	 the	 first	 quarter	 of	 1988 9	 Unocal	 reported	 a 
28	 percent	 decline	 in operating profits for	 the 
period.	 The	 decline stems	 in part from	 a 
$322	 million	 writedown on	 certain assets including 
the	 company's	 remaining investment in	 its Parachute 
Creek Oil Shale Project.

In 1985, the company took a $125 million charge 
against the Parachute project. 

A writedown is simply a balance sheet recognition 
that the value of an asset is overstated. 	 In the 
case of the oil shale project, which employs 
500 people, the writedown will in no way affect 
operations, according to Unocal officials.

In fact, Unocal Chairman and Chief Executive Officer 
Fred L.	 Hartley,	 said in remarks delivered to 
shareholders, "I would like to stress that the 
writedown of the remaining investment in our shale 
oil project does not mean that we have given up on 
oil shale." 

It simply means, he said, that "we have concluded 
that these assets have little chance of generating 
sufficient future cash flows to enable the company 
to recover its full investment in them" 

At today's crude oil prices, he said, it seems 
"Increasingly improbable that we will generate 
enough cash flow to recover the original plant in-
vestment. In the long run, we believe this new 
technology will make a vital contribution to the 
nation's energy security." 
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GOVERNMENT 

REARING HELD ON wlrrn-MELCHn BUS TO BLOCK 
OIL SHALE PATENTS 

United States Senators Wirth (Colorado) and Melchor 
(Montana) early this year introduced the "Oil Shale 
Mining Claims Conversion Act" in response to the 
1986 settlement of oil shale mining claims in which 
claim holders under the 1872 mining law were al-
lowed to buy 82,000 acres of oil shale lands in 
Colorado, Wyoming and Utah. 

The Wirth-Melcher bill, S. 2089, would prevent the 
issuance of patents for any oil shale claims after 
February 5, 1987. Out of 1,700 outstanding claims, 
patent applications for only 75 had been filed by 
that date. 

Wirth said his bill would make sure the rest of the 
land remains in public hands but would give purchase 
rights to claim holders serious about developing oil 
shale. If the bill becomes law, the claim holders 
will have 10 years to start producing oil shale "in 
significant market quantities" or would have to give 
up rights to the land. Or, they would convert their 
claims to 20-year leases. 

A hearing on the proposed legislation was held by 
the Senate Energy and Natural Resources Committee, 
the subcommittee on Mineral Resources Development 
and Production in Washington, D.C. In April. 

In Utah, Colorado and Wyoming there are oil-shale 
claims for another 270,000 acres pending. So Wirth

and Meicher In 1987 enacted legislation imposing an 
eight-month moratorium on most of that, a 
moratorium that expired In March, 1988. 

The Wirth-Melcher bill Is patterned after a similar 
measure proposed last year by United States Repre-
sentative Ben Nighthorse Campbell (Colorado). 
Campbell's bill passed the House in June, 1987. 

At the hearing,	 Senator Armstrong (Colorado) 
criticized the bill. Armstrong contends that lands 
on which oil shale mining claims exist are not to-
tally in the public domain and he criticized sup-
porters	 of	 the	 Wirth-Melcher	 bill	 for	 using
"misleading and inflammatory rhetoric." 

Armstrong turned over to the Senate Energy Com-
mittee letters from the boards of commissioners of 
the three Colorado oil shale counties--Mesa, Garfield 
and Rio Blanco--demonstrating county leaders in all 
three counties oppose the Wirth-Melcher bill. 

Armstrong said the government should stick to the 
bargain made in 1872. "A contract is a contract 
and It Is high time the federal government stood by 
its word in the west and stopped trying to change 
its	 bargains	 through unfair	 and ill-considered
legislation." 

During the hearing, two law professors testified that 
the Wirth-Melcher bill would not violate the Con-
stitution. 
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ECONOMICS 

NEW OXY/BSCRTa ANALYSIS SHOWS MIS OIL COST OF 
$25-30 PER BARREL 

Studies recently carried out by Bechtel, Inc. for Oc-
cidental Oil Shale, Inc. have provided an updated 
cost estimate for commercial-scale production of 
shale oil via modified in situ (MIS) technology at the 
C-b tract in Colorado. 

A commercial oil shale processing plant utilizing MIS 
as well as above-ground retorting (AGR) to produce 
liquids and other products Is shown schematically in 
Figure 1. The MIS retorts are mined, prepared, 
retorted and quenched in sequence underground. The 
oil shale rock which Is mined to produce the retorts 
and the access drifts is transported to the surface, 
where it Is crushed and screened to provide the 
necessary feedstock size for the AUg. 

The AWl yields raw shale oil and significant quan-
tities of high BTU gas which are used In other parts 
of the plant. 

A Circulating Fluidized Bed Combustor (CFBC) will be 
utilized to burn the oil shale fines produced during 
the sizing step as well as to combust and clean the 
MIS off gas. The spent AWl shale and/or other sup-
plementary fuels can be added also. The alkali 
material in the oil shale will serve as the sulfur 
sorbent. The feasibility of using oil shale as a sul-
fur sorbent in fluidized bed combustors was 
demonstrated in work sponsored by Occidental at MIT 
in the early 1980's.	 Recent work sponsored by the 
Electric Power Research Institute has verified the

effectiveness of oil shale as a sulfur removal agent 
in tests on a small coal fired CFBC. 

Steam generated by the CFBC would be used to 
produce electrical power, some of which would be 
used internally and the rest sold. 

The capital requirements and operating costs for a 
plant of this nature were estimated for two produc-
tion levels at Tract C-b. Tract C-b is a 5,084 acre 
federal leasehold tract whose current mine shafts 
give access to reserves capable of 88,800 barrels 
per day of syncrude production for 60 years. 

The cases analyzed involve production of 22,200 and 
88,800 barrels per day of syncrude.	 These cases 
would yield the following byproducts:	 51.4 and 
206 megawatts of electrical power, 	 69 and
276 metric tons per day ammonia, 41 and 165 metric 
tons per day sulfur.	 The first case would require 
22 MIS retorts, 1 AOR, and 4 CFBC's. The larger 
one would require 88 MIS retorts, 4 AWl's, and 
16 CFBC's. 

The capital requirements are shown in Table 1. 
These capital costs, amounting to $53,000 and 
$45,000 per daily barrel, respectively, do not include 
the sunk costs already expended in developing the 
C-b tract. 

Operating costs for the C-b site, excluding capital 
related charges, federal royalties and income taxes, 
are shown in Table 2. The operating costs per bar-
rel are grade dependent and amount to $24.63 and 
$21.19 per barrel in 1987 dollars. 

The economic analysis consisted of determining oil 
prices (in 1987 dollars) which would generate 
reasonable returns on investment. The economic 
parameters which were assumed are shown in 
Table 3. 

Figure 2 shows oil price requirements as a function 
of internal rate of return. 

Table 4 lists oil price requirements to generate a 
20 percent return on equity under the assumptions 
outlined above. 

Sensitivities to power rate, CO 2 recovery as a 
byproduct and increase in base capital are shown in 
Figure 3 for a production capacity of 22,200 barrels 
per day and zero percent real growth in oil price 
(i.e., oil price escalates with inflation of five per-
cent per year). 

The interesting thing about this new design and cost 
study Is that the oil prices required to produce at-
tractive return on investments are not unreasonably 
high. They are at about the same levels as were 
being projected in the late 1970's. Large plants 
would even provide positive returns at today's oil 
prices. 
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Capacity (BPD) 
22,200	 88,800

Natural Gas 10.1 40.4 

Diesel Fuel 0.8 3.2 

Raw Water 1.1 4,4 

Catalyst And Chemicals 8.3 33.2 

Operating Labor 14.1 42.2 
Maintenance Material And Labor 20.0 77.2 

Spent Shale Disposal 0.3 1.2 
Retort Construction 29.8 119.1 

Mining Cost 100.2 328.0 

Administrative Costs 14.9 37.9 
Total Annual Costs 199.6 686.8

TABLE 1 

CAPITAL COST SUMMARY
($ Millions 1987) 

Capacity (BPD) 
Description 22,200 88,800 

Mine 74 298 
Utilities 15 35 
Power Distribution 14 39 
Interconnecting Plpeways 15 45 
Buildings 19 21 
Site Preparation and Development 15 19 
Mobile Equipment 6 7 
Offsltes	 (Less Pipeline) 7 18 
Aboveground Retorting Facilities 94 370 
Materials Handling Facilities 18 72 
Control System 4 9 
Oil Upgrading Facilities 108 432 
Syncrude Pipeline 10 27 
MIS Process Facilities 152 608 
CFBC/Paver Generation 204 694 

Total Direct Field Cost 755 2,694 
Indirect Field Cost/Home Office Costs 291 884 
Spare Parts, Taxes, Royalties 139 427 

Total Project Cost 1185 4005 

TABLE 2	 TABLE 3 

ANNUAL OPERATING LUSTS	 &fllC PARAMETERS 
($ Millions 1987)

Debt/Equity Ratio 75/25 
Inflation, % S 
Interest On Debt, 96 10 
Federal Income Tax Rate, % 34 
State Income Tax Rate, 96 5 
Depreciation Tax Life, Yrs 7 
Depreciation Option: Double 

Declining 
Plant Start-Up 1993 
Operating Life, Yrs 25 
By-Product Credits: 

Power, Cents/kWh 3.5 
Sulfur,	 $/Metrlc Ton 55 
Anmonia,	 s/Metric Ton 110 
Carbon Dioxide,	 $/1,000 m3 23
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FIGURE 2 

SHALE OIL ECONOMICS 
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TABLE 4

PRICE OF OIL TO GflfltATE 20% ROE 

Oil Price (1987 $) 
Plant Capacity (BPD)	 0% Real Growth	 2% Real Growth 

	

22,200	 35	 28 

	

88,800	 30	 23 

Moreover, Occidental notes that the design is based 
on conservative estimates using technology that has 
been or is being demonstrated at the commercial 
scale. There is no provision for learning curve cost 
reduction or for the inclusion of other Innovative 
technology or byproduct recovery and sale that could 
improve the economics.

The analysis suggests that reasonably sized oil shale 
plants should provided adequate rates of return to 
their owners when oil prices are in the $30 per 
barrel range. 

2-12	 SYNTHETIC FUELS REPORT, JUNE 1988



TECHNOLOGY 

PgTROSRAS PATENTS ENTRAIN) FLOW FINES RETORT 

United States Patent 4,707,248, issued to J. C. Silva 
et al., and assigned to Petroleo Brasileiro S.A., 
presents a vertical, entrained-flow retort, using su-
perheated steam as carrier gas. It is designed for 
shale particles which are below six millimeters in 
diameter. 

As shown in Figure 1, fine shale initially undergoes 
a moisture-removing treatment in a dryer, prior to 
feeding to a multi-tube vertical reactor. The dried 
shale is supplied to the reactor through an inert gas 
sealed screw feeder and a mixing valve where It 
contacts superheated steam at a temperature of 4000 
to 500 0C, supplied from a waste heat boiler. The 
shale and superheated steam mixture is then carried

upwards through the reactor, flowing at a gas flow 
velocity in the range of six to ten meters per 
second. 

The reactor is immersed in a vertical furnace which 
Is heated to a temperature of 800 0 to 1,00 0C, and 
supplies heat through the walls of reactor, thus ena-
bling the retorting of the shale. Retorting of shale 
is carried out In a temperature range of 550 0 to 
650 0C, at pressure levels ranging from 0.9 to 
1.5 atmosphere absolute. 

In order to improve the internal heat exchange 
coefficient of the reactor and vertical furnace static 
mixing devices are provided inside the tubes of the 
reactor, suitably spaced apart, so as to redistribute 
the superheated steam flow (used in the process 

FIGURE 1
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solely as a carrier gas) and bringing the solids par-
ticles into closer proximity to the reactor walls. 

The reaction products, on exiting the reactor, are 
sent to a solids separation step, carried out at high 
temperature levels, which allows the solid and 
gaseous phases to be separated without the occur-
rence of volatile product condensation. To ac-
complish the solids separation step, the retorting 
products are forced into a primary separator con-
taining a high efficiency secondary cyclone assembly. 

The solid phase--retorted shale--Is removed, still 
hot, from the primary and secondary separators, 
passing through a combustion air preheater where it 
exchanges heat with the air, and after cooling can 
be disposed of, or else sent to a combustion step 
not shown in the figure. 

The gaseous phase, on leaving the cyclone secondary 
separator, goes to a second separations stage, yield-
ing a fuel gas (which Is then sent to a sulfur 
separating unit and will be later used in the burner 
of the vertical furnace), as well as oil and water. 

Combustion air supplied to the vertical furnace to 
burn with fuel gas, comes from an external source 
and is previously heated by indirect heat exchange 
in a preheater. 

The combustion gas from the vertical furnace Is sent 
to a waste heat boiler where the carrier super-
heated steam Is generated and from there, to the 
dryer for fine raw shale. 

One stated advantage of shale fines retorting in ac-
cordance with the invention, Is the ease of increas-
ing the processing flow rates. Since the reactor 1.5 
of the multi-tube type, if a processing flow rate in-
crease Is desired, it suffices to increase the number 
of tubas in the reactor, without the need of chang-
ing the process plant. 

A further advantage is the high solids carrying 
capacity of the carrier gas, in this case, super-
heated steam. This is a characteristic feature of 
vertical entrainment regimes, wherein, depending on 
the solids concentration, for a given carrier gas 
velocity, several operating conditions are possible, 
from transport in a dilute phase, up to that per-
formed in a dense phase. 

A further advantage of the process according to the 
Invention Is the possibility of working with solids of 
a wide range of particle size. 

SHELL SELECTS CROSS-FLOW RETORT 

Shell Internationale Petroleum Maatschapplj B.V. has 
been studying oil shale retorting for some time and 
has concluded that a cross-flow fluidized bed retort

Is most suitable.	 They discussed the reasons for
this conclusion at the 20th 011 Shale Symposium in 
1987. Further considerations have now been 
reported in a paper by van Wechem, Poll and Voet-
ter at the Fourth Australian Workshop on Oil Shale. 
They note that the production of significant volumes 
of oil (50,000 barrels per day) would require the 
mining, processing and waste disposal of very large 
quantities of oil shale, in the range of 100,000 to 
200,000 tons per day. Concentrating on the process 
reactor, economic returns will be enhanced if the 
retort is designed for: 

- Maximum recovery of oil: Given the costs 
involved In mining and infrastructural ele-
ments In such a project, it Is essential to 
make maximum use of each ton of feed 
shale. This requirement will involve reactor 
design for maximum selectivity towards oil 
production and recovery. 

- Minimum specific size: Capital costs for 
equipment processing large solids flows will 
be relatively high. 

- Scale-up: To the throughputs required for 
commercial scale production, without undue 
recourse to multiple process trains in paral-
lel, to enhance economies of scale. 

- Capability to process a wide variety of 
shales:	 Mineral and organic compositions 
vary widely from deposit to deposit. 
Moreover, the number of resources on which 
such an industry could be based would be 
further enlarged provided efficient processing 
of lower grade oil shales could be ensured. 

- Capability to process the entire size range 
of feed shale produced by the preparation 
plant: Having incurred the expense of ruin-
ing and preparing the feed, the reactor 
should be able to process all of it. 

Options for gas-solid contacting are shown in 
Figure 1. The basic choice is made between: 

- Countercurrent gas-solids contacting 
- Concurrent contacting 
- Crosscurrent contacting 

Gas-south fluidization options are sketched in 
Figure 2. Choice Is to be made between the fol-
lowing five modes of reactor operation: 

- Packed or moving beds, where mean particle 
hold-up (1 - e) lies in the range 0.5 to 0.6 

- Bubbling or dense-phase fluidized beds, with 
particle hold-ups between 0.4 and 0.5 

- Turbulent fluidized beds, particle hold-ups 
between 0.3 and 0.45 

- Dense-phase risers, or fast-fluidized reactors, 
In which particle hold-ups lie between 0.1 
and 0.2 
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Particle Size and Residence Times 

The various processes	 currently available or under
development for oil shale retorting display a wide 
variety of particle size ranges. Grinding the feed 
shale to millimeter sized particles could prove an 
expensive operation for certain hard rock shales (e.g. 
Colorado or Jordanian), and hence a choice of feed 
particle size must consider the overall project 
economics.

A small reactor dead-time needed for particle heat-
ing, and the opportunity to limit oil yield losses due 
to coking within the particles, would be obtained by 
processing small particles (less than about two to 
three millimeters) in a fluidized bed system. Under 
these conditions particle heating rates would He in 
the range of 100 0 to 600 0 C per second. 

The variations In oil shale mineralogy and organic 
compositions shown by different oil shale deposits 
lead to substantial differences In their overall rates 
of pyrolysis. The authors conclude that solids flow 
staging is required in order to attain higher kerogen 
conversions and greater selectivity towards (albeit 
heavier) product oil, within reactor residence times 
of commercial Interest. Although different shale 
types exhibit varying rates of pyrolysis and 
heat/mass transfer resistances within the particles 
will also vary, depending for example on pore size 
and structure, the conclusions regarding the need for 
relatively small particles (typically two to three mil-
limeters) and solids flow staging are likely to remain 
universally applicable. 

For the basic reactor choices shown in Figure 1, 
striations indicate plug flow and paddles denote 
stirred reactor conditions In each phase, respectively. 

The above conclusion regarding the need for solids 
flow staging effectively eliminates those contacting 
patterns with a stirred solids phase. Further dis-
crimination Is made by considering the design 
measures required to limit oil yield losses through 
vapor-phase cracking. 

Oil cracking rates and product distributions are again 
dependent on shale composition, and can be affected 
by the presence of spent shale, for example recycled 
as heat transfer medium to the retort, through 
physical adsorption and/or catalytic cracking, par-
ticularly by clay minerals if present. 

Clearly, the extra-particle and bulk gas phase com-
bined residence time should be short, In order to 
suppress product losses. As a guide, vapor residence 
times of one to two seconds at 4800 to 550 0C gas 
phase temperatures would limit such losses to be-
tween two and 14 percent, respectively, of the total 
produced oil. 

Of the gas-solids contacting options of Figure 19 
only the crossf low cases are capable of meeting the 
combined requirements of stages solids flow with a 
total residence time of several minutes, and a gas 
phase mean residence time limited to a few seconds. 

Gas-Solids Fluidization Regime 

Basic options were shown in Figure 2. Of these, 
the use of a moving bed of less than two mil-
limeters packed shale particles would prove difficult 
on a large industrial scale, unless superficial gas 
(product vapor) velocities could be maintained at 
very low values of, say, less than about 0.1 meters 
per second to avoid bed entrainment. This would 
demand extremely large reactor cross-sectional areas 
to accommodate the gas flow, implying many parallel 
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reactor trains. On the other hand, the use of 
larger particles of, say, 10 to 100 millimeters to al-
tow higher gas velocities, would Increase reactor 
volumes through slow particle heating rates and 
decrease oil yields through Intra-particle coking 
losses. 

Choice within the remaining options, says Shell, 
ranging from dilute phase riser to bubbling fluidized 
bed, can be made on the grounds of minimizing re-
quired reactor volume. For example, for Colorado 
shale kinetics, processing 100,000 tons per day to 
attain a 99 percent kerogen conversion at 4820C 
with solids in plug flow would require total reactor 
volumes of: 

Dilute phase riser	 :	 reaction space 
volume = 2,800 m 

Dense phase riser	 :	 reaction space 
volume = 1,400 m 

Turbulent fluidized bed	 reaction space 
volume = 700 m 

Bubbling fluidized bed : 	 reaction space 
volume = 540 m3 

On this basis, the bubbling bed operating mode 
clearly offers advantages. Not only is particle 
hold-up acceptably high, at between 0.45 and 0.55 
for a feed shale particle size distribution ranging 
from two millimeters downward, but bubbling 
fluidization also offers excellent scale-up possibilities 
and the opportunity to rapidly equilibrate retort bed 
temperatures. Mass and heat transfer rates can be 
maintained at high levels without recourse to com-
pression of large quantities of driving gas. Finally, 
a retort designed for processing a given type of 
shale can be staged in the south flow direction, 
with each stage operating at a near uniform tem-
perature and bed depth commensurate with maximum 
overall conversion and selectivity towards oil produc-
tion. 

Shell Process 

The Shell Shale Retorting Process (SSRP) has been 
put forward on the above basis. The retorting 
reactor is designed to maximize conversion of feed 
kerogen and the recovery of raw oil product, while 
nurtimizing reactor volume, remaining scalable accord-
ing to developed fluidized bed technology, and main-
taining the capability of processing the wide variety 
of currently identified oil shales, both in terms of 
their variations in organic/mineral compositions and 
in terms of converting lower grade feeds. 

To meet these requirements, the SSRP reactor type 
has been selected from a wide range of optional 
gas-solid contacting patterns and fluidization regimes 
to allow continuous processing of feed shale par-
ticles of less than two to three millimeters in 
characteristic size, thereby minimizing reactor dead-
time needed for particle heating to retorting tem-

peratures, and limiting oil yield losses due to coking 
within the particles themselves. Crossflow, bubbling 
fluidization has been selected to enable staged solids 
flow through the retort, with a total solids 
residence time of several minutes required for high 
kerogen conversion, while product vapor residence 
times are limited to a few seconds to avoid exces-
sive oil product degradation through thermal and/or 
catalytic after-cracking reactions. 

Following these basic design principles, says Shell, 
very large commercial scale retorts could be con-
structed, allowing single-train processing to produce 
some 50,000 barrels per day of syncrude from most 
of the currently identified types of oil shines. 

IMPROVED EVERMAN HOT OIL RETORT PATENTED 

United	 States	 Patent	 4,690,732,	 issued	 to
W.H. Everman et at, and assigned to Combs En-
terprises, Inc., describes an improved hot oil immer-
sion retorting device for oil shale. 

The background statement for the Invention refers to 
United States Patent No. 4,410,416 to Karl Everman, 
a shale oil retorting process utilizing hot liquid into 
which the particles are dumped. Following immersion 
In the hot liquid, the particles must then be 
separated from the hot liquid in an expensive and 
time-consuming process. 

The prior art Everman patent discloses a split hub 
wheel apparatus allowing shale particles to be loaded 
Into spoke-like containers of the wheel, dipped into 
a hot oil bath that enters the containers through 
perforations and subsequently unloaded after shale oil 
vapor is evolved as a result of dipping the materials 
in the bath. 

The new invention (Figure 1) comprises the steps of 
feeding raw shale particles into a series of moving 
compartments capable of retaining the particles 
therein while allowing a process liquid to contact 
the particles. The particles are immersed into a 
bath of the process liquid maintained at a sufficient 
temperature and for a time sufficient for shale oil 
vapor to evolve from the particles. 

It has been discovered that substantial advantages 
are obtained when using a heavy process oil in the 
liquid bath with is considerably heavier than the 
shale oil vapor evolved. The process oil is of high 
viscosity and has a lower condensation point than 
the shale oil vapor to permit rapid refluxing action 
of the process oil vapors to minimize the presence 
of flammable vapors within the retort to prevent 
explosion. 

As seen in Figure 1, the raw shale particles are fed 
into a series of annular compartments continuously 
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FIGURE 1 
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moving within a retort housing about an inclined 
axis of rotation relative to the surface of the liquid 
bath so that raw particles are gravity fed as a 
continuous stream into the compartments. The feed 
location is located above the bath so that as feed-
ing occurs the raw particles are initially out of 
contact with the liquid. The compartments contain-
ing raw particles move continuously from the feed 
location to immersion in the bath and thereafter for 
discharge from the housing at a discharge location 
situated above the bath. The compartments are only 
partially filled so that particles therein are sub-
jected to a tumbling action which is conducive to 
shale oil vapor production. 

As the vapor evolved from the immersed particles 
emerges from the bath, it quickly flows into a vapor 
outlet and directly into a condensing unit located 
above the retort housing. 

In accordance with another aspect of the invention, 
ultrasound waves are propagated through the liquid 
bath to agitate the immersed particles and thereby

increase the rate at which vapor evolves from these 
particles. 

The spent shale particles, after leaving the bath, are 
gravity unloaded through a discharge passage into 
contact with a quenching liquid, causing rapid cool-
ing of the spent particles to prevent the process oil 
adhering to the surfaces of the particles from being 
adsorbed Into the particles. 

The apparatus features a tilted circular conveyor 
with a plurality of radial dividers establishing the 
annular compartments. 

The base plate supporting the circular conveyor is 
formed with a discharge opening adjacent to the 
feed location through which spent shale particles fall 
by gravity into a quenching tank through a discharge 
chute. Most of the process oil in the compartments 
flows along the lower base plate for recapture in 
the liquid bath before the compartments pass over 
the discharge opening. Secondary recovery of 
process liquid coating the particles quenched in the 
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tank occurs using conventional steam or solvent 
stripping techniques. To obtain tertiary recovery of 
the process oil dripping down inner surfaces of the 
discharge chute, a lower section of the chute is 
formed with a perforated portion through which the 
dripping oil passes out of the chute Into an annular 
collection chamber. 

ENERGY REQUIREMENTS FOR ULTRAFINE GRINDING 
DEFINED 

Effective beneficlation of oil shale by flotation re-
quires grinding the raw shale to sizes substantially 
finer than 10 microns to liberate inorganic mineral 
matter.	 Grinding to such fine particle size in-
variably requires substantial energy. In some cases, 
it is estimated that the cost of fine grinding con-
stitutes more than fifty percent of the total 
beneficiation cost. 

Work carried out at the Mineral Resources Institute 
(MRI) of The University of Alabama has been 
directed toward optimizing the energy requirements. 
A progress report was presented at the 1987 Eastern 
Oil Shale Symposium. 

As shown in Figure 1, energy requirements Increase 
significantly for fine and ultrafine grinding. 
Selected ultrafine grinding techniques are listed in 
Table 1. 

Extensive	 grinding	 studies have	 been	 reported on 
numerous	 mineral systems including copper	 ore, iron 
ore,	 limestone,	 cement,	 and	 coal. However, only 
limited attention has	 been given to fine	 grinding of 
oil	 shale	 due	 to	 limited research interest	 in oil 
shale processing by beneficiation. 

Nevertheless,	 studies	 at	 MRI	 indicate	 that oil	 shale 
can	 be	 ground	 to	 an	 extremely	 fine	 size at	 a 
moderate	 energy	 input	 if	 stirred	 ball	 mill grinding 
techniques	 are	 used.	 Results	 of previous work on 
oil shale	 grinding	 are	 given	 in	 Table	 2. Conven-
tional	 ball	 mill 	 grinding	 of	 oil	 shale	 to	 80	 percent 
finer than	 20	 microns	 requires a specific energy in-
put	 in	 the	 range	 of	 46-72	 kilowatt	 hours per	 ton 
depending	 on	 the	 types	 of	 shale	 used. Grinding 
shale to minus 10 microns in a conventional ball	 mill 
may require in excess of 100 kilowatt hours per ton. 
In	 contrast,	 the	 energy	 for	 grinding	 oil shale	 to 
80 percent passing 20 	 microns	 in	 a stirred ball mill 
is	 about	 26	 kilowatt	 hours	 per	 ton.	 These studies 
indicate	 that	 grinding	 in	 a	 stirred	 ball mill	 can 
reduce the energy demand by at least 50 percent as 
compared to conventional ball mill grinding.

An oil shale from Alabama (Chattanooga Formation) 
was used in the MILL Investigation. Two samples of 
the shale were dry crushed in conventional Jaw and 
rolls crushers. One sample was crushed to minus 
20 mesh material for wet grinding tests in a

FIGURE 1 
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NETZSCH mill and a modified USBM attrition mill. 
The other sample was crushed to minus 10 mesh 
material and provided to Allis Chalmers and Kennedy 
Van Saun Corporation for conventional rod/ball mill 
grinding tests. 

Stirred Ball Mm Grinding Studies 

A series of ultrafine grinding tests were made in a 
NETZSCFI stirred ball mill (LME20, 27.5 liter volume). 
The grinding media (two millimeter steel balls) was 
agitated by short tungsten carbide pegs which are 
radially fastened to the large hollow agitator. 
Mixing of the media was further increased by rows 
of stationary pegs which are radially mounted to the 
inner wall of the grinding chamber. 

Experiments on ultrafine grinding of industrial 
minerals in a stirred ball mill have indicated that 
size reduction Is dependent upon agitation speed, 
grinding media size, and percent solids. With this in 
mind, Miii's initial grinding tests were conducted in 
a 27.5 liter NETZSCH mill at 40 and 50 percent 
solids. Increasing the agitator speed from 1,045 to 
1 9 225 resulted in a marginal increase in size reduc-
tion. At 40 percent solids, the ground pulp obtained 
at 1,045 rpm contained 84 percent of material pass-
ing 20 microns in size whereas, the slurry obtained 
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TABLE 1 

REGfl(F DEVfl.OWflfl'S IN ULTRAFINE GRINDING 

Expected Reduction In 

Energy As Compared To 

MillType Grinding Technique Conventional Bali Mill 

Attrition Mill 
Union Process,	 Inc. Attrition 20-40% 
Pearl Mill	 (Draiswereke,	 Inc.) High Speed Attrition 
NZSQI Mill	 (NETZScH,	 Inc.) High Speed Attrition 

Tower Mill	 (Mineral Processing 

System,	 Inc.) Vertical Attrition 

Vibratory Mill	 (Term,	 Inc.) Vibratory Motion --

Fluid Energy Mill 

Jet-o-mizcr	 (Fluid Energy 
Processing) Centrifugal Force < 50% 

Jet Mill 

Fluidized Bed Jet Mill 

Pressure Grinding 

Pressure Release Grinding 

(Terratek/MRI) Pressure Release (( 50% 
Roll-Pressure Grinding (KHD 

Humboldt, Germany) High Pressure Particle 
Bed 

Ultrasonic Grinding (Energy And 

Minerals Research Company) Sonic Fracture <C 50% 

TABLE 2 percent	 solids	 was	 increased from 40	 to	 50,	 energy 
requirements	 increased	 significantly	 at	 the	 higher 

ENERGY-SIZE RXJCFIG4 RELATIONSHIP rpm.	 For	 example,	 energy	 demand	 increased	 from 

FOR DIFFERENT OIL SIIASS 25.5	 kilowatt	 hours	 per	 ton	 at	 1,045	 rpm	 to 

(Product Size 8096 Passing 20 Microns) 45.0	 kilowatt	 hours	 per ton	 at	 1,225	 rpm.	 The sig-

nificant	 increase	 in	 energy	 at	 the	 higher	 rpm, 
without	 any significant	 increase In size	 reduction,	 is 

Energy Input, probably	 due	 to	 the	 rheologicnl	 properties	 of	 the 
Oil	 Shale Mill Type kWh/Ton ground pulp.	 Apparently at high percent solids load-

ing,	 the	 optimum	 grinding	 condition	 is	 about 
Colorado 1,000	 rpm. 

(Mahogany Zone) Rod-Ball Mill 2545 
Michigan Beyond	 50	 percent	 solids,	 It	 is	 difficult	 to	 grind oil 

(Antrim Shale) Ball Mill 46 shale	 without	 the addition	 of	 viscosity	 modifiers
	
be-

Colorado cause of the theological properties of the pulp. 

(Anvil	 Points) Ball Mill 72 
Kentucky In addition	 to	 the	 NZSCH	 mill,	 a	 modified	 United 

(Ohio Shale) Ball	 Mill 46 States	 Bureau	 of	 Mines	 attrition	 grinder	 mill	 was 
Kentucky tested.	 Grinding	 experiments	 were	 conducted	 with 

(Ohio Oil	 Shale) High Speed 26 two	 different	 feed	 sizes;	 minus	 20	 mesh	 and	 minus 

Stirred Ball 100 mesh.	 The power required to grind the shale to 
Mill minus	 20	 mesh	 (in	 a	 rod	 mill) and	 100	 mesh	 (in	 a 

ball	 mill)	 Is	 about	 4.6	 kilowatt	 hours	 per	 ton	 and 

16.74 kilowatt hours per ton, respectively. 

at	 1,225	 rpm	 had	 90	 percent	 passing 20	 microns. However, almost the same amount of energy was re-

The	 grinding	 energy required	 was	 31.95 kilowatt quired	 to	 grind	 both	 minus	 20	 mesh	 and	 minus 

hours	 per	 ton	 and	 37.57 kilowatt hours per	 ton	 at 100	 mesh	 feed	 to	 a	 product	 size	 distribution	 of 

1,045	 rpm	 and	 1,225 rpm,	 respectively. When	 the 80 percent passing 20	 microns.
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It appears that minus 20 mesh material is a suitable 
feed for attrition mill and/or stirred ball mill grind-
ing. 

Dosed	 on	 the	 comparative performances of the 
NETZSCH	 and	 USBM	 attrition mills,	 MRI concludes 
that	 the	 NETZSCH	 mill	 is	 more	 efficient for fine 
grinding than the (15DM	 attrition mill.	 A finer size 
product	 can be obtained from the NE7ZSCB mill at a 
lower	 energy	 input	 from the	 same	 size feed 
material. 

The energy required for grinding oil shale for the

Allis Chalmers and the Kennedy Van Soon Corpora-  
Hon. Both companies first ground the minus one- 
half Inch shale In a rod mill to 80 percent passing 
28 mesh. The material was then ground in a ball 
mill. 

The energy required to grind to 80 percent passing 
20 and 10 microns by a rod-ball mill circuit are 
given in Table 4. 

Co.nparisa. of Conventional Ball Mm and Stirred Ban 
Mill 

NFZSCII and USBM	 attrition mill is given in Table 3. From the	 data	 developed by	 Mill	 it	 is	 obvious	 that 
ultraflne grinding of	 oil shale is an energy intensive 

Rod Mill-Ban Mlii Grinding Studies step In	 the	 beneficlation process.	 The	 NET'LSCFI 
- stirred	 ball	 mill	 requires substantially	 less	 energy 

Conventional rod	 mill	 and	 ball	 millgrinding	 studies than rod-ball	 mill	 grinding to achieve the same par-
of	 the	 Alabama	 shale	 were	 conducted	 for	 Mill	 by tide size	 reduction.	 The	 overall	 energy	 require-

TABLE 3

ENERGY RFJIRflflS FOR ALABAMA OIL SHALE GRINDING 

Mill Type Median Size Approximate Energy 
Size d5o^ Micron d9O, Microns kWh/Ton 

N FT iS CH 
(22	 Liter) 4.1 10 41.95 
NETZ SCM 
(27.5	 Liter) 7.0 21 25.34 
N FT Z S CII 
(27.5	 Liter) 6.4 20 27.94 
USBM 
(10 Liter) 7.9 22 27.8 

TABLE 4 

BUIRGY REQUIREMENTS FOR cnivnuIaIAL MI LL 
GRIl4)ltC OF ALABAMA OIL SHALE 

Energy Requirennts, kWh/Ton 
Rod Mill Total Rod + Ball Mill 
Grinding Crushing-Grinding 

80% Passing 80% Passing 
Circuits 20 Mesh 20 Microns	 10 Microns 

Rod-Ball Mill 
(Allis Chalmers Corp.) 4.66 65.24	 94.42 

Rod-Ball Mill 
(Kennedy Van Saun Corp.) 3.53 54.76	 79.39
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ments for grinding the material to 90 percent pass- 
ing 20 and 10 microns in a rod mill-stirred ban mill 
circuit were 29.9 and 46.0 kilowatt hours per ton, 
respectively. A schematic of a rod mill and stirred 
ball mill grinding circuit is given in Figure 2. 

It was calculated that an energy saving of at least 
50 percent can be achieved if oil shale grinding is 
conducted in a rod mill-stirred ball mill circuit 
rather than a rod mill-ball mill circuit.

FIGURE 2 

ROD MILL — STIRRED BALL MILL
CIRCUIT FOR ULTRAFINE

OIL SHALE GRINDING 

OIL SHALE 

CRUSHER 

ROD MILL 
(-30 m•sh)

STIRRED BALL MILL 
(90% -10 mIcrons) 

TOTAL ENERGY ( E) r 46 kwh/lan 
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INTERNATIONAL 

FOUR NEW 1,500 TPD KIV1ThE RETORTS TO BE BUILT 
IN ESTONIA 

Extensive experience has been obtained in the Soviet 
Union over a period of more than 60 years of 
commercial-scale processing of the Baltic shale-
kukersite (heating value 12-14 megajoules per 
kilogram, Fischer Assay oil yield 20-25 percent) in 
retorting systems of different types. Early stages of 
this period were characterized by a variety of 
retorting techniques applied. Shale oil was produced 
in tunnel ovens, "gas generators" and horizontal 
rotary retorts. Gas generators survived and are the 
main type of retorts currently in operation to 
produce shale oil. 

The first gas generators developed in the 1920's-
1930's had a throughput of 30-40 tons of oil shale 
per day. After World War U gas generators with a 
daily throughput of 100 tons were introduced. As a 
result of further development of gas generators of 
this type the unit throughput rate was doubled and 
reached 200 tons of oil shale per thy. The best 
results were obtained by using the "Kiviter" process. 
The main characteristic feature of this process is 
horizontal crosscurrent flow of the heat carrier gas 
through the descending oil shale bed in the retorting 
zone. 

The crosscurrent flow of the heat carrier as com-
pared with the traditional countercurrent flow 
provides more uniform heating of oil shale over the 
cross section of the retorting chamber and improves 
the conditions of heat transfer in the oil shale bed. 
The replacement of the countercurrent flow of the 
heat carrier gas and oil shale by crosscurrent flow 
in a single chamber (Figure 1A) resulted in an In-
crease In the shale oil yield from 15.5 to 
16.5 percent (from 73 to 78 percent of the Fischer 
Assay oil). 

Later a retort with two retorting chambers 
(Figure IB) was developed by the joint effort of the 
Oil Shale Research institute, the V.I. Lenin Oil Shale 
Processing Amalgamation (Kohtla-Jarve, Estonian SSR) 
and Lengiproneftekhim (Leningrad). 	 The throughput
of this unit is 1,000 tons of shale per day, the 
shale	 oil	 yield is	 170 tons per day,	 i.e. 
80-82 percent of the Fischer Assay. The outer 
diameter of the cylindrical body of the retorting 
unit is 9.6 meters, its height is 21 meters. The to-
tal height of the retort, including oil shale bin, is 
35 meters. 

The prototype gas generator with a throughput of 
1,000 tons per day was built at the V.I. Lenin Oil 
Shale Processing Amalgamation "Slantsekhim" and 
started operation in January 1981. In January 1987 
a battery, comprising two 1,000 ton-per-thy gas 
generators was put into operation. 

According to information presented to the Interna-
tional Conference on Oil Shale and Shale Oil in May,

another modification of the "Kiviter" process is being 
designed.	 In this modification retorting is carried 
out in a circular chamber (see Figure 1, 
modification"C"). In 1987 the design and engineering 
were finished and the construction started on an in-
stallation comprising four retorts with a daily unit 
throughput of 1,500 tons per day and an oil yield of 
about 17.5 percent (83-85 percent of the Fischer 
Assay).

FIGURE 1 

MODIFICATIONS OF KIVITER RETORTS 
WITH CROSS-CURRENT FLOW OF 

HEAT CARRIER GAS 
2

A	 B	 C 

1 RETORTING CHAMBER 
2 GAS INLET CHAMBER 
3 VAPOR COLLECTION CHAMBER 

Estonian representatives point out that kukersite is 
quite an inconvenient feedstock for retorting because 
it tends to turn into a plastic state at 350-4000C. 
Because of fusibility and conglomeration the oil shale 
particles stick to the walls of the retort, causing 
bridging and preventing uniform downward passage of 
the raw oil shale. Mechanical and thermomechanical 
strength of kukersite is comparatively low. These 
properties cause difficulties In developing and opera-
tion of oil shale retorts and necessitate the use of 
oil	 shale	 in	 the	 particle	 size	 range	 of
25-125 millimeter as feedstock, and carrying out the 
retorting	 process	 In	 a	 thin	 oil	 shale	 bed
(1.0-1.5 meters). 

When lean oil shales are used as retort feed the 
majority of problems are considerably simplified. 
Engineering calculations show that for retorting lean 
shales it is possible to design Kiviter retorts of a 
size similar to that of the 1,000 ton-per-day gas 
generator but with a daily throughput as high as 
5,000-10,000 tons of shale. 
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COLORADO, AUSTRALIA AND THAILAND SHALES 
RETORTED IN JAPAN 

Work carried out in Japan at the National Research 
Institute for Pollution and Resources, has involved 
four different kinds of laboratory retorts and oil 
shales from three different continents. Some of the 
results were presented at the Fourth Australian 
Workshop on Oil Shale, held in Brisbane in December. 

The four kinds of bench scale retorts used are: 

- Box type batch retort 
- Shaft type batch retort 
- Shaft type continuous retort 
- Inclined type continuous retort 

The box retort was used for studying the variation 
of oil and gas flow rate during retorting of shales. 
The batch type shaft retort was used for studying 
the effect of hydrogen pressure on oil yields and 
the properties of resulting oils, and the continuous 
shaft retort was used for studying the performance 
of continuous retorting.	 These three retorts could 
treat granular shales excluding powder. 	 The key
feature of the Inclined type retort Is a pyrolysis 
tube set at 450 (Figure 1).	 It can retort shale
consisting of not only granules but also powder. 

FIGURE 1 

PYROLYSIS TUBE OF INCLINING
TYPE RETORT 

1.18..
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The two shaft retorts were operated using granular 
Thailand and Colorado shales, and the inclined retort 
was operated with all three shales, utilizing both 
granular and powder particle sizes. Here, powder 
means particle sizes of less than two millimeters in 
diameter and granules are two to five millimeters. 
The organic carbon contents of the Condor, Thailand 
and Colorado shales were 8.7, 25.2 and 13.1 weight 
percent, and Fischer Assay values were 5.1, 22.2 and 
10.2 weight percent, respectively.

The batch type shaft retort had a vertical pyrolysis 
tube of nine centimeters inside diameter and 
200 centimeters in length. The retort was operated 
at temperature of 500 0C, hydrogen pressure of up to 
10 kilograms per square centimeter and gas flow 
rate of 0.8-1.9 liters per minute.	 The continuous 
shaft retort used the same pyrolysis tube. It was 
operated at a temperature of 500-560 0 C, hydrogen 
pressure of up to 10 kilograms per square cen-
timeter, gas flow rate of up to 1.5 liters per 
minute and oil shale feed rate of 4-9 kilograms per 
hour. 

The inclined retort has a pyrolysis tube with inner 
diameter	 of	 90	 millimeters,	 length	 of 
135 centimeters, set at 45 degrees. In this retort 
large particles move toward the upper surface of 
the shale layer forming a passage permitting the gas 
to flow smoothly as shale flows in the pyrolysis 
tube (Figure 0. It was operated under atmospheric 
pressure of air at a temperature of 580 0 C, gas flow 
rate of 2-11 liters per minute, shale feed rate of 
5-9 kilograms per hour and shale powder content of 
0-50 weight percent. 

Table 1 shows the results of retorting Colorado and 
Thailand shales using the batch type vertical retort. 

The specific gravity, the viscosity and the pour 
point of the product oils decreased with increase in 
hydrogen pressure, while nitrogen and sulfur contents 
were nearly constant. This means that lighter oils 
were obtained by retorting under the higher pres-
sure. A considerable amount of hydrogen was con-
sumed at high pressure, while oil yield was inde-
pendent of the pressure. These results suggest that 
a certain extent of hydrogenation of the oils oc-
curred. 

Results with the continuous vertical retort areshown 
in Table 2. Colorado shale could be fed up to 
8.6 kilograms per hour, while Thailand shale could 
not be fed due to plugging up. The researchers 
found that Thailand shale seemed to agglomerate 
during retorting because of its high oil content. 
Experiments were carried out with addition of 
30 weight percent of an inert granular soil. 	 The
effect of pressure on the properties of the oils was 
similar to that of the batch retort. With an in-
crease in the gas flow rate, the oil yields increased 
in the experiments on both retorts. 

Table 3 shows results from the inclined retort. 
Colorado shale flowed smoothly in any powder con-
tent. Since the Australian Condor shale also flowed 
smoothly at 47 weight percent powder content, it is 
expected to behave quite similarly to Colorado shale 
except for the low oil yield. On the other hand, it 
was difficult to feed Thailand shale containing less 
than 26 weight percent of powder, and especially 
difficult to feed granular shale by itself. Attempts 
were made to find a suitable feed mixture of 
granular and powder Thailand shale. The mixture 
flowed smoothly when it contained more than 
38 weight percent of powder. According to the 
authors the reason for plugging up is that granular 
Thailand shale swelled and formed clinkers during 
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retorting,	 while	 the	 other shales hardly swelled be- particle	 sizes	 less	 than	 five	 millimeters	 without 
cause of	 their low organic contents and hard struc- plugging1	 while	 popular	 retorts	 such	 as	 Union	 and 
tures.	 The inclining type	 retort Is considered to be Paraho could not treat such fine	 particles.	 Second, 
very	 useful	 to	 recover shale	 oil	 from fine	 particle the	 oils obtained	 using	 the retort	 contained	 only	 a 
for	 two	 reasons.	 First,	 It	 could	 treat shales	 with small	 amount	 of	 fly	 ash, unlike	 Tosco	 and	 Lurgi 

retorts. 

TABLE 1

REwwrlM] RESULTS WITh A SHAFT TYPE BAIflI RKrOWF 

Oil Shale 

Pressure, kg/an2 
Gas Flow Rate, 1/mm 
Shale Charge, kg 

Product Yield, wt% 
Oil 
Water 
Spent Shale 
Gas 

Properties Of Oil 
Sp. Gr. 500C 
Viscosity 50 0C, est 
Pour Point, °C 

Elementary Analysis 
C 
H 
N 
S 

Hydrogen Consumption, Ni

Colorado Thailand 

0.2 5.0 10.0 5.0 0.2 5.0 10.0 5.0 
1.4 1.5 1.5 1.9 1.4 1.5 1.5 1.9 

11.0 11.3 10.9 11.0 8.1 8.4 8.4 8.1 

10.2 10.0 10.2 10.3 21.9 21.6 21.6 20.8 
1.6 1.5 2.6 2.4 2.9 4.0 4.4 3.9 

81.3 78.3 76.5 78.9 68.0 64.6 62.3 66.1 
5.4 9.6 8.4 3.6 4.3 7.5 8.6 8.7 

0.868 0.833 0.828 0.850 0.830 0.811 0.802 0.819 
4.91 2.15 1.79 2.81 4.27 2.46 1.81 2.68 

22.5 5 2.5 15 35 25 20 25 

82.6 82.0 82.4 82.6 83.3 83.8 83.0 83.5 
13.0 13.3 13.1 13.0 13.6 14.4 14.1 13.6 
1.6 1.4 1.5 1.6 0.9 0.9 0.9 0.9 
0.8 0.8 0.7 0.7 0.4 0.6 0.5 0.4 

-175 17 157 77 -93 -82 111 49

TABLE 2

RETORTING RESULTS WITH A SHAFT TYPE (XNFINIDJS RETORT 

Oil Shale 

Pressure, kg/an2 
Gas Flow Rate, 1/mm 
Shale Feed Rate, kg/hr 
Solid Added, wt% 

Product Yield, wt% 
Oil 
Water 
Spent Shale 
Gas 
Oil/F.A., % 

Properties Of Oil 
Sp. Gr. 500C 
Viscosity 50 0C, cst 
Pour Point, °C 

Elementary Analysis 
C 
II 
N 
S 

Solid In Oil mg/kg-oil

Colorado 

3.8	 3.9	 7.9 
0.85	 0.85	 0.21 
5.38	 8.40	 4.88 

9.5	 9.2	 9.9 
2.2	 0.9	 1.9 

84.8	 86.7	 83.9 
3.5	 3.2	 4.3 

93	 90	 93 

0.846 0.832 0.83 
2.71	 1.91	 1.88 

15	 7.5	 7.5 

80.8	 81.7	 80.5 
13.1	 13.5	 13.5 
1.4	 1.4	 1.5 
0.6	 0.6	 0.5 

53	 63	 6

Thai land 

0.5	 5.1	 5.1 
1.30	 0.45	 1.33 
2.67	 2.68	 2.68 

30	 30	 30 

14.3	 11.7	 16.1 
6.2	 5.1	 5.9 

75.5	 76.6	 72.9 
4.0	 6.6	 5.1 

92	 75	 104 

0.820 0.807 0.805 
3.27	 1.94	 2.29 

30	 20	 20 

85.4	 83.4	 84.2 
15.5	 14.9	 15.1 
0.7	 0.7	 0.8 
0.3	 0.3	 0.3 

239	 75	 62 
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TABLE 3 

aziritc RESULTS WITH AN 1?C.INth CONTINUOUS RETORT 

Oil Shale Colorado Thailand Condor 

Gas Flow Rate, I/min 5.6 6.0 11.2 2.3 5.6 10.6 5.7 5.2 
Shale Feed Rate, kg/hr 6.91 5.62 5.69 5.31 5.22 5.31 5.40 7.30 
Powder Content, wt% 0 35 35 50 38 38 50 47 
Pressure Drop, an-H 20 23 60 25 124 39 140 

Product Yield, wt% 
Oil 10.2 9.2 9.4 8.3 16.8 18.0 16.1 3.4 
Water 1.8 1.8 2.3 2.2 4.3 4.4 3.9 4.6 
Spent Shale 83.3 85.1 83.1 86.6 71.5 72.4 73.4 90.0 
Gas 4.7 3.9 5.2 3.0 7.4 5.2 6.6 2.0 
Oil/F.A., % 100 90 91 81 76 81 73 67 

Properties Of Oil 
Sp. Gr.	 50 0 C 0.88 0.89 0.89 0.89 0.85 0.85 0.85 0.86 
Viscosity 50 0C,	 cst 6.9 7.1 7.9 4.5 4.9 5.8 5.4 3.6 
Pour Point,	 °C 25 22.5 25 10 32.5 35 35 22.5 

Elementary Analysis 
C 80.9 83.9 84.3 80.9 79.3 81.4 80.5 83.3 
H 17.9 12.0 12.4 11.7 13.4 13.9 13.5 12.0 
N 1.7 16. 1.6 1.8 1.1 1.1 1.1 1.5 
S 0.6 0.6 0.6 0.6 0.3 0.3 0.3 0.5 

Solid In Oil ng/kg-oil 10 80 240 200 200 100

TRANS NATAL T-PROJECT TO CO-PROCESS TORBAN1TE 	 coal, because separation would be too expensive. 
AND COAL	 On the average the torbanite Is expected to yield 

250 liters of raw oil per metric ton and the as-
Cencor is developing the Trans Natal T-Project in 	 soclated coal 100 liters per ton. 
South Africa.

The project will consist of the following: 
In South Africa, torbanite deposits are found in the 
Eastern Transvaal coalfields, usually in association 
with bituminous coal. 

The S.A. Torbanite Mining and Refining Co. Ltd. 
(SATMAR) established a mine, retorting plant and oil 
refinery for the production of mainly gasoline and 
bitumen from torbanite as early as 1934. The 
"torbanite spirit" was blended with benzole and cane 
spirit from lscor coke ovens. It Is said that SAT-
MAR was the second oil refinery to be built in 
Africa (the first being in Cairo) and it continued 
operation until 1961 when the torbanite deposit at 
Ermelo was worked out. 

P. Naude of SASOL reported to the Alternate Energy 
88 Conference that Trans Natal, who owns torbanite 
deposits In the Eastern Transvaal, has been Inves-
tigating the feasibility of mining and processing tor-
banite for many years. In 1986 800 tons of tor-
banite was specially mined for pilot plant testing. 
The tests proved successful and further investigations 
are proceeding.	 It is planned to mine and retort
torbanite together with the associated bituminous

- An underground mine with a mining height 
range of 1-2.3 meters. 

- Deshaling and blending of torbanite/coai mix-
ture. 

- Retorting: Heart of the plant is expected to 
be Lurgi LR retorts for flash retorting to 
gas and oil vapor and condensing the same 
into light, middle and heavy oils as well as 
gas liquor containing NH 3 , 11 7 3 and phenols. 
Heavy oils are to be recycled to extinction. 

- Upgrading:	 Naphtha recovered from the
retort gas together with light oil will be 
hydrotreated,	 reformed and refined to 
gasoline while the middle oil will be 
hydrotreated and fractionated Into naphtha, 
diesel and light fuel oil. 

After recovery of liquefied petroleum gas and 
removal of sulfur, the gas will be used to produce 
hydrogen by steam reforming. The capacity of the 
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plant has not yet been determined, but the deposit 
Is estimated to be able to support production of 
15,000 barrels per day. 

Although the project has not yet been given the 
final go-ahead, this is expected by the end of 1988. 
Startup could be in 1992. 

IMPROVEMENTS TO FUSHUN RETORTS OUTLINED 

At the International Conference on Oil Shale and 
Shale Oil held In Beijing, China in May, a description 
was given of the improvements which have been 
made in retorting technology at Fushun, China. 

The Fushun-type retort is an internal heating retort 
incorporating an upper pyrolysis section with a lower 
gasification section. The shale charge of 
8-75 millimeter particle size is fed to the top of 
retort, moves downward by gravity and undergoes 
pyrolysis and gasification. Spent shale is discharged 
continuously from the bottom shale ash trough. An 
air blast saturated with moisture enters the retort 
bottom and reacts with shale char to form producer 
gas. This gas mixes with hot recycle gas from a 
regenerator in the retort middle and flows upward 
Into the pyrolysis section to supply the heat re-
quired for retorting. Pyrolysis products along with 
heat carrier gas are drawn from the top gas gather-
ing cone into condensation recovery system. 

Heat exchange between heat carrier gas and oil 
shale lumps ensures effective heat utilization. 

Commercial Operation 

The operation of the Fushun-type retort dates back 
to the period of the Japanese Invasion of China. 
Beginning in 1925, internal heating pyrolysis was 
carried out in 10 ton per day and 40 ton per day 
test retorts, and a retort with an upper pyrolysis 
section and a lower gasification section was 
developed. In 1930, 80 commercial scale 50 ton per 
day retorts were built, and in 1934 they were 
restructured into 100 ton per day retorts. 

Sixty retorts of 180 ton per day capacity were built 
in 1939 and sixty retorts of 200 ton per day were 
built in 1945, although only a part of the latter 
ones passed trial production. In this period, though 
the fundamental version of the retort had been es-
tablished and the throughput of the retort had been 
expanded, quite a few major defects of the struc-
ture still existed and the key problem of whether to 
adopt a narrowed or a normal waist had not been 
solved. 

From 1949 to 1954, a total of 10 batteries of 
200 retorts with capacity of 100 tons per day or 
180 tons per day In the Refinery No. 1 and 
200 tons per day in the Refinery No. 2 were re-

stored and operated successfully In Fushun. Later 
the retort with a normal waist was proved to be 
flexible In operation and other retorts with a nar-
rowed waist were restructured into normal waist. 
The operation was streamlined, clinkering troubles 
and the amount of sludge were reduced. A preheat 
section was added to the Fushun-type retort 
(Figure 1),	 giving an increased throughput by 
30 percent.	 It was also capable of processing the 
oil shale with a high moisture content. Also, fuel 
gas was introduced into the retort to supplement the 
retorting heat, and the semi-gas-combustion type 
(Figure 2) and gas-combustion type retorts were 
developed. 

Besides the improvement of the existing retorts, a 
new eighth battery of 26 retorts (200 tons per day 
each) was built In the Refinery No. 1 in 1956. Two 
batteries of forty retorts with preheating (275 tons 
per day each) were built in the Refinery No. 2 In 
1959. 

Through the above mentioned technological innovation 
and expansion, shale oil production in Fushun had 
been boosted and its technico -economiccharacteris-
tics had been upgraded greatly. A comparison is 
shown in Table 1. 

Fushun oil shale is a low-grade oil shale with a low 
organic matter content, giving an average Fischer 
Assay of six percent. In the pyrolysis residue there 
is only about five percent fixed carbon, while a 
high percentage of ash Is present. Generally speak-
ing, commercial retorting and gasification of such a 
low grade eli shale is difficult. The lower part of 
the pyrolysis section in the Fushun-type retort is 
connected to a gasification section. The pyrolysis 
residue at an elevated temperature of 500 0C falls 
Into the gasification section where an air blast 
enters the retort bottom. 

The prime goal of the gasification section is to get 
a large amount of hot gas for oil shale pyrolysis. 
A large amount of water vapor is introduced into 
the retort along with the incoming air (air blast 
saturation temperature 75-05 0 C) to prevent clinkering 
of shale ash and recover Its sensible heat. 

The combustion of the carbonaceous residue in the 
gasification section is rather slow on account of the 
presence of a large amount of water vapor. Only 
65 percent of the fixed carbon in retorted shale can 
be utilized. The heat supplied from the gasification 
section must be supplemented by a recycle gas 
which is heated to about 550 0 C in an intermittent 
regenerator-heater. About 70 percent of the heat 
supplied to the pyrolysis section comes from the 
gasification section, and 30 percent from the recycle 
gas. 

The oil yield in the Fushun-type retort reaches 
75-85 percent of Fischer Assay, the yield of am-
monia is also fairly high. The retort off-gas is 
used for pyrolysis itself and a surplus of 200 cubic 
meters per ton of shale can be used as boiler fuel. 
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FIGURE 1 

FUSHUN-TYPE RETORT WITH 
PREHEATING (200 TONS/DAY) 

1—storage hi a; 
2—eduction pipe; 
3—In1erted cone distributor; 
4—prebea I section 
5—di,trlbu lot of preheat gee; 
6—mixing chamber; 
1—entry of preheat go; 
s—gas gathering cone; 
9—resort body 

Improvement of the Fushun-type Retort 

Considerable improvements have been made with 
respect to the retort structure, utilization of shale 
resources, processing technology, and operational

control of the Fushun-type retort in the past 
30 years. 

Testing of the Fushun-type retort with a preheat 
section (Figure 1) was carried out for increasing its 
throughput and pyrolysis yields, reducing the quantity 
of the retort off-gas, and enriching the byproducts 
for a better recovery.	 - 

FIGURE 2 

SEMI-GAS-COMBUSTION FUSHUN-
TYPE RETORT (200 TONS/DAY) 

1—gas distribution checker brick wail 
2—Dottiest 
3—entry of fine gas and air 
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TABLE 1 

UnPAaIsal OF SHALE OIL INIXJflY IN FUSBIJN 
IN THE flIES MW LATE FIFTIES 

Production Figures	 1930-1945	 Late Fifties 

Maximum Annual Output Of Shale Oil, 1,000 Tonnes 	 257	 780 
Maximum Annual Throughput Of Shale, Million Tonnes	 8.83	 20.63 
Heating Value Of Oil Shale Processed, Kcal/Kg	 1,460	 1,213 
Percentage Of Oil Shale Utilized, % 	 60-65	 80 
Retort On-Stream Rate, %	 80	 95 
Throughput Per Retort, Tonnes	 100	 135' 
Oil Shale Processed Per Ton Shale Oil produced, 

Tonne/Tonne	 34.36	 26.45 

The oil shale processed and shale oil produced (including recovered gas 
naphtha) in 66 retorts built afterwards are included. 

"For retorts with design capacity of 100 tonnes/day. 

Test results indicated that the oxygen content in the 
preheat gas must be carefully monitored. A test in 
a 100 ton per day retort with preheating by recycle 
gas gave positive results. A 200 ton per day test 
retort with preheating showed an increase In 
throughput of 30 percent, a reduction in the retort 
off-gas of 20-30 percent, and enrichment of gas 
naphtha and ammonia in the off-gas, which in turn 
reduced the cooling duty of the condensation 
recovery system. 

After successful completion of commercial scale test-
ing, forty Fushun-type retorts with preheat, 
pyrolysis, and gasification sections (275 tons per day) 
were built in the Fushun Refinery No. 2 in 1959. 

Not long afterward the operation of these retorts 
was stopped owing to short supply of raw shale in 
the early sixties. 

Incorporation of a preheat section with the Fushun-
type retort increased the single retort throughput, 
but burning of shale oil in the retort had not been 
eliminated, so the oil yield was not increased sig-
nificantly. Applying the experience of gas combus-
tion in coal retorts, gas combustion was used to 
supply a part of the retorting heat, the retort 
structure and process scheme were modified and a 
higher oil yield was achieved. This retort was 
called the semi-gas-combustion Fushun-type retort 
(Figure 2), being different from the original Fushun-
type retort and other retorts with heat supply by 
gas combustion only. Twenty retorts each of the 
original 100 ton, 180 ton and 200 ton capacity were 
restructured and put into operation in the Refinery 
No. 2.

In	 the	 restructured	 retorts,	 the arch in	 the middle 
of	 the 100	 ton	 retort	 was	 removed, the mixing 
chamber was	 extended downward to become a	 dis-
tribution conduit	 of recycle	 gas and fuel	 gas. Hot

recycle gas was introduced into the shale bed from 
the upper distribution conduit, while fuel gas is fed 
from the lower conduit. In the 180 ton retort, the 
arch was moved downward to ensure sufficient 
pyrolysis time and a central combustion chamber was 
set up above the arch, where air was introduced to 
support gas combustion. In the 200 ton retort two 
gas distribution checker brick walls were set up in 
the middle of the gasification section, and a mixture 
of air and fuel gas In a proper ratio was introduced 
from the openings on both sides of the checker 
brick walls (Figure 2). 

The commercial operation of the semi-gas-combustion 
Fushun-type retort showed an increased single retort 
throughput, but the oil yield remained 70-00 percent 
of Fischer Assay. The heating value of the retort 
off-gas was lowered. 

In 1958 a pyrolysis test with gas combustion and the 
recycle gas as heat supply was made in 100 ton per 
thy Fushun-type retorts. The retort structure 
retained the original recycle gas heat supply system, 
but the arch in the middle of the retort was 
removed. The mixing chamber was extended 
downwards to the upper part of the original 
gasification section and served as a distribution 
channel of fuel gas. The wet ash discharge system 
was retained, but no more air blast was introduced. 

The heat supply features of the gas combustion 
Fushun-type retort are as follows: Oxygen-free hot 
recycle gas is introduced to the space above the 
middle of the retort, effectively maintaining the 
temperature of the pyrolysis layer; an air-gas mix-
ture is introduced to the lower part of the retort 
and combustion takes place on the surface of 
retorted shale, forming a stable oxygen-free high 
temperature zone. The retort is known for its in-
tensive heat supply, even distribution of heat car-
rier, smooth operation, ease of control, less chance 
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of coking, and higher oil yield (above 80 percent). 
If gas naphtha components in the off-gas are In-
cluded, the all yield reaches 00 percent.

used to make bricks. 	 More different uses for oil 
shale are being developed. 

The gas combustion Fushun-type retort was put Into 
commercial operation in 1959. Twenty retorts of 
100 ton per day capacity were restructured Into the 
gas combustion type. Operation of the gas combus-
tion retorts in 1961-1963 confirmed the advantages 
of higher oil yield, more ammonia production, and 
less chance of coking. Its disadvantages were in-
creased quantity and lowered heating value of the 
off-gas. 

Current Operations 

Although Fushun at one time produced 800,000 tons 
of shale oil per year, accounting for 30-50 percent 
of total oil production in China in the 1950's, there 
are currently only 40 retorts operating, each with a 
capacity of 200 tons of oil shale per thy. The 
other retorts have been shut down because of struc-
tural problems (subsidence of foundations). 

MAOM1NO SHALE Oil. OPERATION FACES ECONOMIC 
PROBLEMS 

Information on the Chinese oil shale operation at 
liaoining was presented to the International Con-
ference on Oil Shale and Shale Oil, held In Beijing 
May 16. Additional information is available In 
"Shale Oil Industry in China," published In 1987. Al-
though the production cost of shale oil at Maoming 
is said to be less than the cost of crude oil on the 
international market, it is higher than the cost of 
Chinese domestic crude oil. 

Maoming Petroleum Industrial Corporation, an en-
terprise under SINOPEC, is a petroleum processing 
center in South China. Its construction began in 
1955. A refinery of annual throughput of six million 
tons of petroleum has been built up, with com-
prehensive facilities for machinery and equipment 
manufacturing, pipeline transport, construction and 
installation, design and research etc. 

Mining and retorting of oil shale is one of the 
operations carried out at Maoming. An open-pit 
'nine with an annual capacity of five million tons of 
oil shale (actual output in 1986, 3.35 million tons) 
and a retorting plant with annual production of 
100,000 tons of shale oil as well as production of 
cement and other building materials are in operation. 
Fluidized bed and suspension combustion boilers have 
been developed to utilize particulate oil shale for 
steam generation in power plants.	 Shale ash from
the fluidized bed boiler and retorting plant Is used 
to make cement and building blocks. The topsoil 
overlying the oil shale Is a raw material for quality 
kaolinite to be used in paper making. The underly-
ing soil, which contains some combustibles, can be

Open-Pit Mine 

There are rich deposits of oil shale in Maornlng, 
which extend for more than 50 kilometers, with a 
maximum width of 10 kilometers, and thickness of 
20-25 meters. The total shale reserves amount to 
five billion tons. The mining area is located in the 
southwestern border of llaoming Basin, the deposits 
being tower Tertiary sediments of monodliaal, gently 
dipping configuration. 	 The low overburden permits 
open pit mining. The currently producing Jintang 
Mine has a reserve of 860 million tons. The Fischer 
Assay of the oil shale Is 4-12 percent, averaging 
6.5 percent.	 The shale quality does not change
much In the horizontal direction. 

Power-driven shovels with a dipper capacity of four 
cubic meters are used for excavation, first the 
overburden, then the oil shale. Electric locomotives 
and dumpcars are used for transport to the dump 
yard and retorting. The annual excavation of oil 
shale is about 3.5 million tons. 

Oil Shale Retorting 

Two types of retort, a gas combustion rectangular 
retort and a cylindrical retort with gasification sec-
tion are used. 

The operating conditions for the Maoming retorting 
plant with an annual production of 100,000 tons are 
given in Table 1. 

Shale oil from retorting was formerly processed by 
thermal cracking, giving 10.5 percent cracking gas 
and liquefied petroleum gas, 28 percent gasoline, 
16 percent diesel fuel,	 45 percent fuel oil, 
0.5 percent loss.	 Gasoline was marketed after 
acid-alkali treatment. 

Processing of crude oil now takes up the full 
capacity of the refinery, and shale oil is marketed 
directly as a fuel oil. Testing of catalytic cracking 
of crude shale oil to produce more light fractions is 
under way. 

Comprehensive Utilization of OR Shale 

Most of the shale ash along with overburden from 
open-pit mining is transported to a dump yard, 
where land reclamation by tree planting is carried 
out. 

Phenols,	 pyridines,	 corrosion inhibitors etc.	 are
recovered from the acid and alkali sludges. 

SINOPEC believes that comprehensive utilization of 
oil shale is important in making full use of natural 
resources, reducing environmental pollution, and 
achieving economic results to the advantage of the 
developing oil shale industry. 	 Programs include
utilization of particulate oil shale and shale ash, 
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TABLE 1 

OPERATING U1IDITRI4S AT MAtNIM3 

Cylindrical Rectangular 
Retort Retort 

Shale Fischer Assay, % 6.24 6.7 
Shale Moisture, % 16.53 17 
Shale Size, run 12-125 12-125 
Throughput Per Retort, tlday 146 185 
Air Per Ton She a, Ph It 133.5 325 
Recycle Gas 4 itt It 975 
Off -Gas, ltn°/t 1169 1395 
Recycle Gas Temperature, °C 574 
Oil Yield (Agaigst Fischer Assay), % 60.2 60 
Surplus Gas, tti It 15 385 
Heating Value, KcalIit 3 1500 614 

utilization of topsoil overlying the shale, and utiliza-
tion of underlying coal and other deposits. 

Fluidized Bed Boiler 

Testing on a fluidized bed boiler burning the oil 
Shale fines below eight millimeters which can not be 
utilized in Maoming retorts, was carried out from 
1964 to 1966. Trial operation on a 14-ton boiler 
showed that stable combustion could be achieved 
with the thermal efficiency of the boiler being 
77 percent. 

Oil shale was charged by a belt feeder continuously 
to a fluidized bed. Air entered the bottom through 
a tuyere. Shale ash was discharged from an over-
flow outlet for preheating air. Flue gas passed 
through a convection section and economizer upward 
the stack. 

Two	 medium pressure	 boilers of	 35 tons steam per 
hour	 are now	 in	 trial operation, and	 a 
12,000	 kilowatt	 generator	 is being built. A power 
plant	 of 50,000	 kilowatts burning oil shale	 with 
three sets of fluid bed boilers and two sets of gen-
erators is scheduled.

Shale Ash Cement 

The hydrous kaollnite In shale when decomposed is 
chemically active. When burned in a fluidized bed 
with a lower burning temperature the shale ash has 
higher activity and can be used as a cement blend. 

Cement blended with shale ash has satisfactory 
strength. Shale ash is now commonly used as a 
blending material in cement works in Maoming and 
other places near the railway. The addition of 
15-25 percent of shale ash can produce siliceous 
cement and pozzolanic siliceous cement. 

In addition, shale ash can also be used to replace 
clay as a cement raw material up to an amount of

20 percent. Pozzolanic cement of "grade 500" is 
produced in a cement works of 80,000 tons annual 
capacity at Maoming Petroleum Industrial Corporation. 
Its capacity will be expanded to 300,000 tons and 
more shale ash will be used. 

Other Products 

Silicate building blocks of "grade 150" can be made 
from the shale ash mixed with a little lime and 
gypsum by pressurized forming and steam curing. 

Quality kaolinite exists in the topsoil overlying the 
oil shale deposits. Testing has shown that kaollnite 
from Jintang can be made into a good coating com-
position for paper making. A pilot plant Is being 
built. 

The underlying mud, which contains some combus-
tibles, can be used for making bricks without exter-
nal fuel. This mud Is now used in neighboring 
counties. 

At the bottom of the oil shale deposit there are 
thin-layered carbonaceous shales, which are mined 
and used by local industry or for domestic uses. 

Retort sludge mixed with powdered coke and pul-
verized oil shale can be shaped Into a honeycomb 
briquet for rural households. 

Prospects 

According to SINOPEC, the comprehensive utilization 
of oil shale will be conducive to the effective use 
of natural resources, reducing production cost, and 
abating of pollution. 

The total annual production of five million tons of 
oil shale consists of 2.5 million tons of larger size 
particles suitable for retorting to produce shale oil. 
The under-size oil shale will be used as boiler fuel. 
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tion of the minerals coexisting with oil shale and 
secondary processing of shale oil for high value 
products. 

More shale ash is planned to be used as a cement 
blend and raw material for making building blocks. 

The production cost of shale oil at Maornlng is said 
to be about $16 per barrel. The production cost 
can be reduced by 10 percent, if all the discarded 
under-size shale can be utilized for boiler fuel. 
Electric energy obtained from combustion and the 
utilization of 10 percent of the total amount of 
shale ash can reduce the cost of shale oil by ten 
percent and eight percent respectively. If byproduct 
coal, mud and kaolinite are taken into account, the 
reduction in shale oil cost may be as much as 
30-40 percent. 

Presently, the shale oil Is marketed as a fuel oil at 
a price much lower than its production cost. Be-
cause the comprehensive utilization of byproduct 
minerals has not been fully realized, the Maoming oil 
shale operation incurs a financial deficit amounting 
to tens of millions of yuan per year. This financial 
difficulty has led to following consequences: 

- Lack of production development funds which 
may limit the expansion of the production 
scale 

- tack of research funds which may suppress 
technical innovation 

- Hampering the comprehensive utilization of 
coexistent minerals 

- Lack of attractiveness for technical-
engineering personnel and research workers to 
devote themselves to oil shale technology. 

The production cost of shale oil in other countries 
is estimated to be 29 to 33 United States dollars 
per barrel, which greatly exceeds the present price 
of crude oil. The cost of Maoaning shale oil, on the 
contrary, is not far from that of crude oil thanks 
to the inexpensive strip mining of oil shale deposits. 

In order to utilize the abundant Maoming oil shale 
reserves and render the shale oil industry more com-
petitive, the Maoming Petroleum Industry Corporation 
has decided to buy from the Maomlng Mining Com-
pany 100,000 tons of shale oil annually at a price 
comparable to that of crude oil in the international 
market. This measure will help the shale oil in-
dustry to cut the financial deficit and gain a mar-
ginal profit. 

Future Developments 

After the Maoming oil shale and shale oil production 
has been boosted to gain marginal profits SINOPEC 
will set future targets toward comprehensive utiliza-

It is proposed to set up an integrated technology of 
"oil shale retorting - power generation - building 
material production" to cut down further the produc-
tion cost of shale oil so that the revenues obtained 
by this integrated technology may pay for the ex-
penditure on shale oil production. 

In the overall production cost of shale oil the cost 
of oil shale itself comprises 65 percent, while the 
power consumption comprises 17 percent and other 
expenses comprise 18 percent. The implementation 
of kaolinite utilization may therefore result in as 
much as a 40 percent cut in the production cost of 
shale oil. The further Improvement of retorting 
technology to utilize gas recycling in the retorts 
will lower the specific oil shale consumption from 
30 tons to 20-25 tons of oil shale per ton of shale 
oil produced. Recovery of the gas from the retorts 
may contribute to a further 10 percent cut in shale 
oil cost. Meanwhile, it is possible to utilize the oil 
shale rejected by the screens before the retorts, in 
fluidized bed combustors for power generation. It Is 
projected to install three boilers with a capacity of 
130 tons of steam per hour for each, coupled with 
dynamo units to generate electricity for, sale to 
other users. Additional revenues may stem from the 
Portland cement and building blocks made from spent 
shale ash. Therefore it is possible that the 
economic benefits of sideline production after paying 
back the capital loans may compensate for the ex-
penditure on the production of 120,000 tons of shale 
oil. 

After the above steps are accomplished the shale oil 
plant will be confronted with a need to explore 
techniques of upgrading the shale oil to further 
enhance the economy of shale oil production. 
Catalytic cracking of shale oil is thought to be 
promising in producing high quality products and 
creating economic benefits comparable to those ob-
tained from the processing of crude oil. 

SINOPEC feels that the above -mentioned ideas on the 
future development of the shale oil industry are 
technically feasible, 	 economically beneficial and 
realistic from the standpoint of resources. The 
realization of this scheme would offer vast benefits 
in developing the liaoming shale oil industry and 
would serve as an exanpin for the innovation of 
shale oil processing technology worldwide. 
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ENVIRONMENT 

COLORADO HONORS RECLAMATION AT EXXON SITE 

The reclamation efforts of Exxon Company USA at 
its Colony Oil Shale Project near Parachute, Colorado 
were honored by Colorado Governor Roy Romer and 
the state Mined Land Reclamation Board. 

Exxon halted development of the Colony Oil Shale 
Project In 1982, but has continued to do reclamation 
work and research. 

Exxon was one of two companies to be honored with 
a governor's award for a broad range of reclamation 
work. The other Is Domtar Gypsum, which operates 
a quarry near Buena Vista. 

In addition, 26 other companies were honored for 
work in specific reclamation categories. 

Romer said the projects "are outstanding examples of 
two	 major goals	 of	 my administration. They	 con-
tribute	 to the	 economic	 development of	 Colorado 
and, at	 the same time, protect and enhance our en-
vironmental heritage."

Exxon's work at the Colony project has involved in-
novative approaches to revegetation, such as seeding 
inaccessible slopes from helicopters and undertaking 
research on production and cover of vegetation. 

Exxon also has worked to increase the numbers of 
two rare plants found on the site: oil shale colum-
bine and sedge fescue. 

"The company's attitude toward rare plants is espe-
cially exciting," said Margaret Winter, chairman of 
the Mined Land Reclamation Board. "If there is a 
rare, threatened or endangered plant near a site 
they hope to mine, they try to grow and spread the 
plant so its existence is no longer in danger. 

Exxon has worked hard to try to re-establish native 
plants In the areas to be reclaimed, even though it 
might have been easier to use non-native plants, 
said Mike Barker, senior environmental specialist for 
the project. 

Awards were also presented to Unocal for excep-
tional reclamation planning at its oil shale project 
near Parachute. 

EASTERN Oil. SHALES TESTED FOR POTENTIAL TO 
CREATE ACID MINE DRAINAGE 

The Western Research Institute (WRI) has been study-
ing the potential for eastern oil shales to generate 
acid mine drainage. They reported some results at

the Conference on Mine Drainage and Surface Mine 
Reclamation held In Pittsburgh in April. 

When geologic materials containing Iron sulfides are 
exposed at the earth's surface, add mine drainage 
may occur. Because many raw and processed oil 
shales contain Iron sulfides It is suggested that 
these materials need to be characterized to deter-
mine their add potential prior to mining or process-
ing. According to the authors, this characterization 
is a critical step in selecting management methods 
for a specific waste and disposal environment to 
avoid water quality problems associated with low pH 
and high trace element concentrations. 

The extraction of eastern oil shale resources is a 
critical concern, since these shales contain Iron sul-
fides. In addition to the raw shales, retorted and 
combusted oil shales may also contain iron sulfides. 
Each of these materials will generate a leachate 
that reflects the mineral properties of each shale 
and selected disposal environment. 

Acid Generation 

In	 a	 natural aerobic	 environment,	 iron	 sulfide	 com-
pounds	 have the	 potential	 to	 oxidize	 and produce 
acidity.	 The best	 example of this natural process is 
the	 oxidation of FeS 2	 (pyrite)	 that usually occurs	 in 
mining	 wastes, coal	 cleaning	 waste,	 spoil, and acid 
sulfate	 soils. After	 pyrite	 Is	 oxidized by	 atmos-
pheric	 oxygen, ferric	 Iron	 Is	 produced extremely 
slowly.	 This second	 reaction,	 however,	 can	 be	 ac-
celerated by microbial	 catalysis	 (aerobic) to increase 
the overall rate of	 ferrous	 iron oxidation. With the 
generation	 of ferric	 Iron,	 insoluble	 ferric hydroxide 
may form. Pyrite	 can	 also	 be	 oxidized by	 soluble 
ferric	 iron resulting	 In	 the	 generation of	 more 
acidity and ferrous iron.

Research Objective 

The objectives of WRI's two-year study were to 
characterize the acid production of eastern oil shale 
waste products (i.e., raw shale fines, retorted shale, 
and combusted shale) as a function of process condi-
tions, waste properties, and disposal practice and to 
recommend management practices. 

A high pyrite shale, selected from the United States 
Department of Energy's reference shale 586, was col-
lected from an unweathered section of the upper 
part of the New Albany Shale of the Borden Forma-
tion located in Bullitt County, Kentucky. A shale 
with a low concentration of pyrite was collected 
from a weathered outcrop of the Chattanooga Shale 
located in the Chestnut Mound section of Smith 
County, Tennessee. 

Both oil shales were retorted using the indirect-
heated Paraho process by Western Research Institute 
and combusted using a fluidized bed process by J&A 
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Associates. When the shales were retorted and in-
directly heated to 500 0C for 12 minutes, the spent 
New Albany Shale retained 80 percent sulfur and had 
28 percent organic carbon conversion. 	 The spent
Chattanooga Shale retained 76 percent sulfur and 
had a 26 percent organic carbon conversion. When 
these shales were also combusted using a fluidized 
bed reactor in air at 760°C for 15 minutes, the 
combusted New Albany Shale retained 43 percent of 
the sulfur and had an 87 percent organic carbon 
conversion. The combusted Chattanooga Shale 
retained 81 percent of the sulfur and had an 
83 percent organic carbon conversion. 

Laboratory Characterization 

Laboratory studies were designed to simulate the 
following disposal environments, 1) oxidizing nonequi-
librium leaching, 2) oxidizing equilibrium, and 3) 
reducing equilibrium. 

Oxidizing nonequllibrium studies were carried out In 
a humidity cell, which can be used to simulate 
natural weathering of iron sulfides in an aerobic un-
saturated environment. In this method, acid produc-
tion will occur due to sequential leaching that al-
lows oxidizing conditions to exist in a moist en-
vironment. 

Oxidizing equilibrium studies simulate waste disposal 
in a saturated groundwater environment that will be 
In contact with atmospheric oxygen (i.e., fluctuating 
watertable). The chemistry of the system will be 
determined by thermodynamic equilibrium conditions 
(I.e., no leaching).

Reducing equilibrium	 studies	 simulate	 waste disposal 
in	 groundwater conditions that	 would	 have limited 
contact with	 atmospheric oxygen.	 There is	 no 
leaching so that	 chemical equilibrium	 will	 be estab-
lished.

Results 

The results of the acid-base account are given in 
Table 1. These data show that the raw New Albany 
Shale, raw Chattanooga Shale and the retorted Chat-
tanooga Shale have the potential to produce an acid 
mine drainage problem. 

The humidity cell data represent a weathering en-
vironment that would stimulate maximum acid poten-
tial of a material. The data clearly show that the 
New Albany and raw spent Chattanooga Shales will 
produce acid leachates. This suggests that these 
materials can produce add mine drainage in an un-
saturated surface disposal environment. 

In the simulated oxidizing groundwater environment, 
it is assumed that the flow rate of groundwater in 
contact with a specific waste material will be slow 
enough to establish chemical equilibrium. Since 
leaching does not occur in this system, ph will be 
controlled by secondary mineral formation and 
hydrolysis but not iron sulfide oxidation. 

The data for the raw shales show that the pH of 
the Chattanooga Shale extract is acidic and becomes 
more acidic with time, while the p H of the New Al-
bany Shale extracts become alkaline and then pH 
decreases. 

This once again demonstrates the influence of 
mineral weathering prior to disposal (and not the 
concentration of pyrite). These data still support 
the fact that these raw shales will produce acid 
mine drainage If they occur in a similar groundwater 
environment. 

The retorted Chattanooga Shale also exhibits a pH 
trend that will eventually produce acid mine 
drainage; however, the New Albany Shale does not 
exhibit the same trend. 

TABLE 1

ACID-BASE MXXIJNT OF RAW AND PROCESSED SHALES 

(Tons of CaO) 3 /1000 Tons Of Waste) 
Waste	 % FeS-S	 Acid	 Base	 Balance 

Raw NAS 
Retorted NAS 
Combusted NAS 

Raw CS 
Retorted CS 
Contusted CS 

4.2 -131.3 4.9 -126.4 
0.08 -2.5 65.0 62.5 
0.04 -1.3 226.0 224.7 

1.9 -58.4 24.1 -34.4 
0.8 -25.0 22.8 -2.2 
0.6 -18.8 170.9 152.1

(-) indicates a net acid potential 

HAS = New Albany Shale, CS = Chattanooga Shale 
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The pH of all combusted shale solutions remains 
fairly alkaline to 180 days. Even with potential 
iron sulfide oxidation and recarbonation, the pH 
tenth to remain high due to a greater concentration 
of alkaline materials. 

In the simulated reducing groundwater environment, 
It Is assumed that 1) the flow rate of groundwater 
in contact with a specific waste material will be 
slow enough to establish chemical equilibrium and 
2) atmospheric oxygen will not influence solution 
chemistry. Like the oxidizing equilibrium studies, 
leaching does not occur in this system, so pH will 
be controlled by secondary mineral formation and 
hydrolysis and not iron sulfide oxidation. The 
reducing equilibrium pH as a function of time is 
given for Chattanooga Shale in Figure 1. 

The data for the raw shales show that the pH of 
the Chattanooga Shale extracts are very acidic. 
This trend, once again, shows how soluble acidity 
can influence solution chemistry without pyrite 
oxidation. In the absence of 1) an atmospheric in-
fluence on solution chemistry and 2) Leaching, 
retorted and combusted shales do not generate acid 
mine drainage. 

These data suggest to the authors that raw shales 
which are allowed to weather and generate soluble 
acidity may produce acid conditions in a saturated 
system. This demonstrates the need to evaluate 
leachate chemistry prior to disposal if shales are al-
lowed to weather.	 The most significant result of 
this study is that combusted shales will not produce 
an add leachate.	 Thus, shales with an acid-base
account balance <+33 could be combusted prior to 
disposal. This could significantly reduce water 
quality problems and eliminate long-term water 
treatment costs.

FIGURE 1 

--pH DATA FOR CHATTANOOGA 
SHALE EXTRACTS 
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WATER 

PAYMENT MADE FOR COLORADO RIVER ENDANGERED 
FISH PROTECTION 

The United States Bureau of Reclamation has paid 
the first $1 million in a program to purchase water 
rights for the protection of endangered fish in the 
Colorado River system. 

The fish are in trouble in part because in many of 
the Colorado's tributaries, huge federal dam projects 
have reduced the swift flows needed by native fish. 
These fish are to be protected, under the law, so 
an Endangered Species Recovery Plan was recently 
completed to protect four threatened or endangered 
species. 

The recovery plan calls for purchasing water rights 
to protect the Colorado squawfish, bonytail chub, 
humpback chub and razorback sucker. AU are listed 
as endangered except the razorback, which is a can-
didate for listing. 

Congress will be asked to fund the rest of the 
program. The minimum cost of acquiring needed 
water rights for the fish is $10 million. 

Interior Secretary Donald Hodel signed the Endan-
gered Species Recovery Plan, along with the gover-
nors of Utah, Colorado and Wyoming. The United 
States Fish and Wildlife Service, which received the 
first payment, will manage the recovery program. 

Fish and Wildlife will identify where water rights 
will be purchased, then buy them. Under terms of 
a funds transfer agreement with Reclamation, the 
Fish and Wildlife Service will be helped by the Na-
tional Fish and Wildlife Foundation. 

Buying the water rights will ensure that sufficient 
water Is left in streams to protect the endangered 
fish. The recovery plan includes habitat manage-
ment, development and maintenance; stocking of na-
tive fish, managing non-native species, Including 
sport fishing; research; monitoring; and collecting 
data. 

U.S. GOVERNMENT AND UNION OIL FILE FOR WATER 
RIGHTS 

Recent activities reported by the Water Clerk for 
Water Division 5 in Glenwood Springs, Colorado In-
clude the following. 

United States of America 

W-467	 Amended application for reserved water 
rights of the United States of America in the

Colorado River, Parachute Creek, and White River, 
Garfield County.	 The United States claims direct 
flow, storage and groundwater reserved rights 
described in parts I, II, Ill and IV below to fulfill 
the purposes of Naval Oil Shale Reserve No. 1, 
Colorado No. 1 and Naval Oil Shale Reserve No. 3, 
Colorado No. 2 (hereafter NOSR-1 and NOSR-3, 
respectively). 

I. Claim for Direct Flow Reserved Rights 

1. Name of structure: NOSR Water Supply System 
Pipeline. 

2. Legal description of point of diversion: 

The water pipeline system will transport Colorado 
River Water from a diversion point at the Anvil 
Points diversion, located in the northeast quarter 
of Section 29 9 T 6 5, It 94 W, approximately 190 
feet from the north section line and 80 feet from 
the east section line. 

3. Source: Colorado River 

4. Priority date claimed: December 6, 1916. 

5. Amount claimed: 100 cubic feet per second. 

6. Purpose: To fulfill the purposes of NOSR-1 and 
NOSR-3 including, but not limited to, mining and 
processing of oil shale, steam generation, retort 
cooling, revegetation and reclamation, municipal 
and industrial, fire fighting, domestic, and other 
uses directly related to the purposes of the 
reservation. 

II. Claim for Storage Reserved Rights 

1. Name of Reservoir:	 NOSE, East Parachute Creek 
Reservoir. 

2. Legal description of point of diversion: 

Reservoir located on the East Fork of Parachute 
Creek, below the falls, in Section 35, T 5 5, It 
95 W. The dam will be constructed approximately 
on the west section line, 50 feet south of the 
north section line. The reservoir runs diagonally 
from northwest to southeast across Section 35, to 
approximately 20 feet from the south section line. 

3. Source: East Parachute Creek 

4. Priority date claimed: December 6, 1916. 

5. Amount claimed In acre-feet: 10,000 

6. Purpose: 

To fulfill the purposes of NOSR-1 and NOSR3 in-
cluding, but not limited to, mining and processing 
of oil shale, steam generation, retort cooling, 

2-35	 SYNTHETIC FUELS REPORT, JUNE 1988



revegetation and reclamation, municipal and in-
dustrial, fire fighting, domestic, and other uses 
directly related to the purposes of the reserva-
tion. 

7. Remarks: Dam design and reservoir storage 
capacity may exceed that required to store the 
10,000 acre-foot reserved right claimed herein. 
See paragraph IV-3 below. 

III. Claim for Tributary and 
Non-Tributary Groundwater 

The United States of America claims the right to 
divert that quantity of groundwater, both tributary 
and non-tributary, that is necessary to fulfill the 
purposes of NOSR-1 and NOSR-3 from any source 
underlying NOSR-1 or NOSR-3 (including waters 
tributary to the White River) with priority date of 
December 6, 1916, subject only to the following 
conditions: 

1. Prior notification to the State Engineer or his 
designee of the same information being required 
of any other applicant for a well permit. 

2. Prior notification to the State Engineer or his 
designee of the specific use or uses for the 
water to be diverted. 

3. See Paragraph IV below for other limitations. 

IV. General Allegations 

1. Authority: Order of Withdrawal, Naval Oil Shale 
Reserve No. 1, Colorado No. 1, dated December 6, 
1916, as modified by Order of Restoration Naval 
Oil Shale Restoration No. 1, Colorado No. 1, dated 
June 12, 1919; Order of Withdrawal, Naval Oil 
Shale Reserve No. 3, Colorado No. 2, dated Sep-
tember 27, 1924; 10 U.S.C. 7420 at 42 
U.S.C. 7156. 

2. Total Quantity and Alternate Points of Diversion: 

The NOSH Water Supply System Pipeline, NOSR 
East Parachute Creek Reservoir and any well are 
to be alternate means and points of diversion for 
the rights claimed above, each with respect to 
the other, subject only to a limitation from any 
one or all sources combined of 49,000 acre-feet 
per annum, computed on a five-year moving 
average. 

3. Temporary Storage: 

For purposes of information only, the United 
States may also store in NOSH East Parachute 
Creek Reservoir or any other reservoir that may 
be constructed, all or any portion of the water 
diverted from the Colorado River, East Parachute 
Creek, or any well, under rights claimed herein, 
for subsequent use when required to fulfill pur-
poses of NOSH reservations.

4. Antedation: 

The United States seeks dates of priority which 
will antedate the adjudication dates of earlier 
decrees and adjudications insofar as they, in con-
junction with applicable statutes, appear or pur-
port to preclude this Court from awarding to the 
United States its water rights bearing their true 
priority date. 

The foregoing amended application was filed by the 
United States on January 31, 1983, but was not pub-
lished in the resume. The Water Court allowed the 
United States' motion to amend but ruled that the 
amendment does not relate back to the original 
filing date of December 31, 1971. 	 The United 
States appealed this ruling.	 The Colorado Supreme 
Court upheld the water court's ruling. At a status 
conference held In October 6, 1987 9 the Court or-
dered that the foregoing amended application be 
published in the resume. The Court further ordered 
that Statements of Opposition to this amended ap-
plication will be required and that failure to file a 
Statement of Opposition to the amended application 
will be deemed to be a withdrawal of any previous 
Statement of Opposition. 

The Colorado Supreme Court has held in UNITED 
STATES V. BELL, 724 P. 2d 631 (Colorado 1986), 
that the claims in this amended application for 
water from the main stern of the Colorado 
River (i.e., I. CLAIM FOR DIRECT FLOW 
RESERVED RIGHTS) do not relate back to the 
date the original application was filed by the 
United States and are not entitled to anteda-
tion. Accordingly, the United States' claims set 
forth in Part I of the foregoing amended ap-
plication to Colorado River main stem water 
are to reserved rights without antedation. The 
United States does claim antedation for the 
claims set forth in Parts II and III of the 
foregoing Amended Application. "The water 
right claimed by this application may affect in 
priority any water right claimed or heretofore 
adjudicated within this division and owners of 
affected rights must appear to object and 
protest within the time provided by statute, or 
be forever barred." 

Ertl & Shell Western B a P Inc. 

80CW484 Second Amended Application for Tributary 
and Non-tributary Underground Water Rights - Upper 
Parachute Creek/Uinta Formation and the Non-
tributary Lower Parachute Creek Formation in Rio 
Blanco County. This Second Amended Application is 
for the purposes of correcting legal descriptions in 
the Amended Application filed with the court on 
August 29, 1986 and published in the August, 1986 
Resume beginning on page 12.	 Ali portions of the 
previously published amended application for water 
rights as described above shall remain unchanged ex-
cept for the following: 
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3. Well B-jo: Legal description: To be located in 
the SW 1/4 of the NW 1/4 of Section 11, 
Township 2 South, Range 100 West of the 6th 
P.M., Rio Blanco County, Colorado, at a point ap-
proximately 2,100 feet from the North Section 
Line and 880 feet from the West Section Line, 

Source: Non-tributary Lower Parachute Creek For-
mation. 

Depth: 1,580 feet. 

Well B-21: Legal description: To be located in 
the SE 1/4 of the SW 1/4 of Section 7 9 Township 
2 South, Range 99 West of the 6th P.M., Rio 
Blanco County, Colorado, at a point approximately 
550 feet from the South Section Line and 
2,500 feet from the West Section Line of said 
Section 7. 

Source:	 Non-tributary	 Lower Parachute	 Creek 
Formation. 

Depth:	 1,580	 feet. 

All	 of	 the	 remaining	 information remains	 as	 previ-
ously published. 

Unimi Oil Company of Cailteinia 

87CW301	 Application for Change of Water Right	 - 
East Fork Ditch In Garfield County. 

2. Decreed	 name	 of	 structure	 for which	 change	 is 
sought:	 East Fork Ditch. 

3. From previous decrees: 

A. Decrees awarding water rights to the East Fork 
Ditch	 were	 entered	 by	 the District	 Court	 of 
Garfield County as follows: 

Decree Appropriation 
Case No.	 Date	 Amount Date 

2011	 3/27/1920	 0.44 cis 8/1/1912 
3124	 1/4/1937	 3.47 cfs 3/1/1926 

By decree of the District Court of Garfield 
Count in Case No. 6316, dated July 15, 1968, 
the point of diversion of the following water 
rights originally decreed to the Parachute High-
line Ditch was changed to the East Fork Ditch: 

Decree	 Appropriation 
Case No, Date	 Mount	 Date 

1059	 12/29/1903 0.80 cis	 3/3/1888 
1059	 12/29/1903 1.85 cfs	 4/20/1895

fully consume at the East Fork Ditch and other 
points of diversion a total of 1,395.9 acre-feet 
of water during the period April 15 through 
October 31 of each year, which was determined 
to be the historic average annual consumptive 
use associated with various Irrigation water 
rights changed in that decree. The decreed 
point of diversion was corrected in Case No. 
W-2910, Water Division No. 5, September 7, 
1976, to conform to the actual surveyed loca-
tion. 

B. Decreed point of diversion: 

A point In Lot 15 of Section 30, Township 5 
South, Range 95 West, of the 6th P.M., whence 
the witness corner to the south quarter corner 
of said Section 30 bears South 30°49' East 
164.26 feet In Garfield County, Colorado. 

C. Source: East Fork of Parachute Creek, 
tributary to Parachute Creek, tributary tot he 
Colorado River. 

D. Historic use: The East Fork Ditch was 
originally used for irrigation. The historic use 
of the East Fork Ditch and the various water 
rights for which it is decreed an alternate 
point of diversion was determined by the Dis-
trict Court for Water Diversion No. 5 in Case 
No. W-2206 dated July 14, 1975. No redeter-
mination of that historic use is sought In this 
case. The East Fork Ditch water rights cur-
rently are used for industrial purposes (oil shale 
mining, processing and refining) pursuant to the 
decree in Case No. W-2206. 

4. Proposed change: Applicant seeks approval of an 
alternate point of diversion for the water ap-
plicant is entitled to divert at the East Fork 
Ditch pursuant to the decrees described in 
paragraph 3.A. above. The alternate point of 
diversion is the East Fork Storage Sump, located 
at a point , on the East Fork of Parachute Creek 
in the SW1/45W1/4 of Section 30, Township S 
South, Range 95 West, of the 6th P.M., 500 feet 
from the west line and 5 feet from the south 
line of said Section 30 in Garfield County, 
Colorado. Applicant has constructed a diversion 
structure at this point for the purpose of pumping 
water from the East Fork of Parachute Creek for 
use in dust control and other uses In connection 
with applicant's shale oil mining, processing and 
refining operations. This change involves a move-
ment of the point of diversion downstream a short 
distance.	 No change in use or place of use Is 
proposed. There are no other water rights that 
divert from the East Fork of Parachute Creek be-
tween the East Fork Ditch and the alternate point 
of diversion claimed in this application. 

By decree of the District Court for Water Divi- 5. Name	 and	 address	 of owner	 of land	 on	 which 
sion	 No. 5	 in	 Case	 No.	 W-2206,	 dated July	 14, structures	 are	 located: Both	 the East	 Fork	 Ditch 
1975,	 the East Fork Ditch	 was	 approved as	 an and the proposed alternate point of	 diversion	 are 
alternate point	 of	 diversion	 for	 various	 water located on	 lands	 owned by:	 Union Oil	 Company 
rights	 in a plan for augmentation. 	 Pursuant	 to of	 California 
that	 decree,	 applicant	 is entitled to divert and P. 0. Box	 76
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Parachute, Colorado 81635 

WHEREFORE, applicant requests the Court to enter 
a decree approving the requested change of water 
rights and finding that the proposed change will 
not result In injury to the owners of or persons 
entitled to use water under any vested or decreed 
conditional water right. 

87CW302	 Application for Surface Water Rights -
Davenport Ditch in Garfield County. 

2. Name of structure: Davenport Ditch. 

3. Legal description of point of diversion: In Lot 4 
of Section 30, Township 5 South, Range 95 West, 
of the 6th P.M., at a point whence the northwest 
corner of said Section 30 bares North 04°15'54" 
West, a distance of 1,450.09 feet. 

4. Source: Middle Fork of Parachute Creek, tributary 
to Parachute Creek, tributary to the Colorado 
River. 

5. A. Date	 of	 initiation	 of	 appropriation:
September 21, 1987. 

B. How appropriation was initiated:	 By diversion 
and application to beneficial use. 

C. Date	 water	 applied	 to	 beneficial	 use: 
September 21, 1987. 

6. Amount claimed: 3.0 cubic feet per second, 
ABSOLUTE,; 7.0 cubic feet per second, CONDI-
TIONAL. 

7. Use or proposed use: Water has been diverted in 
the amount of 3.0 cubic feet per second through 
the Davenport Ditch and applied to applicant's 
lands knows as the "Union Meadow" lying generally 
In the SEI/4 of Section 25 and the NE1/4 of Sec-
tion 36, Township S South, Range 96 West, of the 
6th P.M., for the purpose of recharging the al-
luvial aquifer at that location. Union is the 
owner of six (6) alluvial 'veils that are used to 
supply its shale oil mining and retorting processes. 
Those wells are entitled to divert under various 
priorities confirmed or recognized in the following 
decrees of the District Court, 	 Water Division
No. 5: 

Case No. W-1345, October 11, 1972 
Case No. W-2206, July 14, 1975 
Case No. 79CW328, May 23, 1980 
Case No. W-3946, July 8, 1980 
Case No. 82CW380, March 14, 1985 
Case No. 82CW433, April 19, 1985 

Applicant intends to divert up to 10 cubic feet 
per second for such purposes when available. 

The purpose of the appropriation claimed in this 
application is to increase the physical supply in 
the alluvium available to Union's wells under their 
previously decreed water rights. The applicant 
proposes to divert through the Davenport Ditch

for that purpose whenever water is available un-
der the priority claimed in this application. 
Water diverted through the applicant's wells is 
used for industrial, domestic, municipal, irrigation 
and all other uses related to the provision of a 
water supply for applicant's oil shale mining, 
processing and refining facilities and operations, 
Including storage for such purposes. 

87C W303	 Application for Surface Water Rights -
East Fork Storage Sump in Garfield County. 

2. Name of structure: East Fork Storage Sump. 

3. Legal description of point of diversion: A Point 
on the East Fork of Parachute Creek in the 
SWI/4SWI/4 of Section 30, Township 5 South, 
Range 95 West, of the 6th P.M., 500 feet from 
the west line and 5 feet from the south line of 
said Section 30, in Garfield Count, Colorado. 

4. Source: East Fork of Parachute Creek, tributary 
to Parachute Creek, tributary to the Colorado 
River. 

5. A. Date of initiation of appropriation: June 1, 
1983. 

B. Flow appropriation was initiated: 	 By diversion 
and application to beneficial use. 

C. Date water applied to beneficial use.	 June 1, 
1983. 

6. Amount claimed: 3.0 cubic feet per second, AB-
SOLUTE. 

7. Use or proposed use: industrial purposes includ-
ing, but not limited to, dust control, In connec-
tion with applicant's oil shale mining, processing 
and refining facilities and operations, including 
storage for such purposes. 

9. Remarks: Water diverted under the appropriation 
described in this application may be fully con-
sumed. 

87CW304	 Application for Surface Water Rights -
Davis Spring No. I in Garfield County. 

2. Name of structure: Davis Spring No. 1. 

3. Legal description: Davis Spring No. 1 is located 
in the NWI/4 of the SEI/4 of Section 35, 
Township 4 South, Range 96 West, of the 6th 
P.M., at a point 1,900 feet from the east line 
and 1,600 feet from the south line of said Sec-
tion 35. 

4. Source: A spring tributary to Davis Gulch, 
tributary to the Middle Fork of Parachute Creek, 
tributary to Parachute Creek. 

5. A. Date	 of	 initiation	 of	 appropriation: 
October 15, 1987. 
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B. How appropriation was initiated: By staking 
location of spring and posting notice of intent 
to appropriate at the spring site. 

C. Date water applied to beneficial use: Prior to 
1987. 

6. Amount claimed:	 0.033 cubic feet per second, 
ABSOLUTE. 

7. Use or proposed use: 	 Livestock watering and 
wildlife purposes.	 This spring has historically
been used as a source of water for livestock and 
wildlife in the area.	 Applicant intends to con-



tinue that use. 

9. Remarks: Applicant received patent title to the 
lands on which this spring is located in November, 
1986. Prior to this time, the land was owned by 
the United States of America (Bureau of Land 
Management) and was leased for grazing. 

87CW305	 Application for Surface Water Rights -
Story Spring No. 3 in Garfield County. 

2. Name of structure: Story Spring No. 3. 

3. Legal description: Story Spring No. 3 is located 
in the NEI/4 of the SW1/4 of Section 34, 
Township 4 South, Range 95 West, of the 6th 
P.M., at a point 1,600 feet from the west line 
and 2,500 feet from the south line of said 
Section 34. 

4. Source: A spring tributary to East Fork Story 
Gulch, tributary to Stewart Gulch, tributary to 
Piceance Creek. 

5. A. Date of initiation of appropriation: 
October 30, 1987. 

B. How appropriation was initiated: By staking 
location of spring and posting notice of intent 
to appropriate at the spring site. 

C. Date water applied to beneficial use: Prior to 
1987. 

6. Amount claimed:	 0.033 cubic feet per second, 
ABSOLUTE. 

7. Use or proposed use:	 Livestock watering and 
wildlife purposes. 	 This spring has historically 
been used as a source of water for livestock and 
wildlife in the area.	 Applicant intends to con-



tinue that use. 

9. Remarks: Applicant received patent title to the 
lands on which this spring is located in November, 
1986. Prior to this time, the land was owned by 
the United States of America (Bureau of Land 
Management) and was leased for grazing. 

87306 Application for Surface Water Rights - Stew-
ard Spring No. 2 in Garfield County.

2. Name of structure: Stewart Spring No. 2. 

3. Legal	 description: Stewart	 Spring	 No.	 2	 is lo-
cated	 in the	 SW1/4 of	 the	 SE1/4	 of	 Section 23, 
Township 4	 South, Range	 96	 West,	 of	 the 6th 
P.M.,	 at a	 point	 2,300 feet	 from	 the	 east line 
and	 1,100 feet	 from the	 south	 line	 of	 said Sec-
tion	 23.

4. Source: A spring tributary to East Fork Stewart 
Gulch, tributary to Stewart Gulch, tributary to 
Piceance Creek. 

5. A. Date of initiation of appropriation: 
October 30, 1987. 

B. How appropriation was initiated: By staking 
location of spring and posting notice of intent 
to appropriate at the spring site. 

C. Date water applied to beneficial use: Prior to 
1987. 

6. Amount claimed:	 0.033 cubic feet per second,
ABSOLUTE. 

7. Use or proposed use.	 Livestock watering and 
wildlife purposes. 	 This spring has historically
been used as a source of water for livestock and 
wildlife in the area. 	 Applicant intends to con-



tinue that use. 

9. Remarks: Applicant received patent title to the 
lands on which this spring is located in November, 
1986. Prior to this time, the land was owned by 
the United States of America (Bureau of Land 
Management) and was leased for grazing. 

87CW307	 Application for Surface Water Rights - 
Stewart Spring No. 1. in Garfield County. 

2. Name of structure: Stewart Spring No. 1. 

3. Legal description: Stewart Spring No. 1 is lo-
cated in the NW1/4 of the NE1/4 of Section 23, 
Township 4 South, Range 96 West, of the 6th 
P.M., at a point 2,100 feet from the east line 
and 10 feet from the north line of said Section 
23. 

4. Source: A spring tributary to East Fork Stewart 
Gulch, tributary to Stewart Gulch, tributary to 
Piceanee Creek. 

5. A. Date of initiation of appropriation: 
October 30, 1987. 

B. How appropriation was initiated: By staking 
location of spring and posting notice of Intent 
to appropriate at the spring site. 

C. Date water applied to beneficial use S.	 Prior to 
1987. 

6. Amount claimed:	 0.033 cubic feet per second, 
ABSO LUTE. 
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7. Use or proposed use:	 Livestock watering and 
wildlife purposes.	 This spring has historically 
been used as a source of water for livestock and 
wildlife in the area.	 Applicant intends to con-



tinue that use. 

9. Remarks:	 Applicant received patent title to the 
lands on which this spring is located in November, 
1986. Prior to this time, the United States of 
America (Bureau of Land Management) had filed an 
application for absolute water rights on this 
spring in Case No. 870W494. Pursuant to a 
settlement agreement entered into on August 4, 
1986, between the United States and claimowners 
to patent pending lands (including this applicant), 
the United States is to withdraw or relinquish its 
claim to this water right. 

87CW308	 Application for Surface Water Rights -
Bitter Spring No. I in Garfield County. 

2. Name of structure: Bitter Spring No. 1. 

3. Legal description: Bitter Spring No. 1 is located 
in the NE1/4 of the NEI/4 of Section 25, 
Township 4 South, Range 95 West, of the 6th 
P.M., at a point 600 feet from the east line and 
600 feet from the north line of said Section 25. 

4. Source: A spring tributary to Bitter Creek, 
tributary to Cow Creek, tributary to Piceance 
Creek.

5. A. Date of initiation of appropriation: 
November 10, 1987. 

B. How appropriation was initiated: By staking 
location of spring and posting notice of intent 
to appropriate at the spring site. 

C. Date water applied to beneficial use: Prior to 
1987. 

6. Amount claimed:	 0.033 cubic feet per second, 
ABSOLUTE. 

7. Use or proposed use:	 Livestock watering and 
wildlife purposes.	 This spring has historically
been used as a source of water for livestock and 
wildlife in the area. 	 Applicant intends to con-



tinue that use. 

9. Remarks: Applicant received patent title to the 
lands on which this spring is located in November, 
1986. Prior to this time, the land was owned by 
the United States of America (Bureau of Land 
Management) and was leased for grazing. 
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RESOURCE 

MAGIC CIRCLE RELINQUISHES OIL SHALE LEASES ML 13986 T6S, R19E Uintah 
320.00 acres 

In December,	 1987,	 Magic Circle	 Energy Corporation 
approached the Utah Division of State Lands and re- ML 19395 T10S, RISE Duchesne 
quested that	 consideration be	 given	 to	 the	 granting 640.00 acres 
of	 a	 reduction	 of	 annual	 rental	 on	 75	 of	 their	 oil 
shale	 leases. ML 19398 TIlS, Rise Duchesne 

641.92 acres 
In subsequent meetings and discussions with represen-
tatives of Magic Circle Energy Corporation, an option ML 19407 TIOS, R16E Duchesne 
presented and offered by the Division for 	 considers- 40.00 acres 
tion	 was	 the	 granting	 of	 an	 adjustment	 of	 annual 
rental	 to	 $1	 per	 acre	 on	 all	 lands	 then	 currently ML 20684 198, R20E Uintah 
leased	 by	 Magic Circle	 outside	 the	 Magic	 Circle	 oil 80.00 acres 
shale block.

ML 20697 T10S, R20E Uintah 
The	 Division	 says	 it	 never	 received	 a	 formal 640.00 acres 
response	 from	 Magic	 Circle	 Energy Corporation	 con-
cerning	 this	 option.	 However,	 the	 Division	 then ML 20699 1108, R21E Uintah 
received	 a	 request	 from	 Magic	 Circle	 Energy	 Cor 640.00 acres 
poration that the remaining 60 leases 	 outside	 the	 oil 
shale	 block	 and	 two	 leases	 within	 the	 oil	 shale ML 20733 1105, R196 Uintah 
block be relinquished. 640.00 acres 

Magic	 Circle	 Energy	 Corporation	 was	 Informed	 that ML 20736 1105, R19E Uintah 
the	 payment	 of	 $1	 per	 acre	 on	 the six leases and 640.00 acres 
request for relinquishment of the remaining 60 leases 
outside	 the	 oil	 shale	 block	 was	 not	 consistent	 with ML 20738 195, R19E (Jintah 
either the option presented for consideration or with 640.00 acres 
existing lease terms.

ML 20739 195, R196 Uintah 
Magic	 Circle	 Energy	 Corporation	 then	 elected	 to 476.29 acres 
relinquish	 the six	 leases	 outside	 the	 block	 on	 which 
payment	 of	 $1	 per	 acre	 was	 previously	 made,	 and ML 20746 185, R20E Uintah 
requested	 that	 the	 Division	 refund	 $3,841	 which	 the 9.82 acres 
Division	 received	 as	 rental	 on	 these	 leases.	 The 
remaining 60 leases outside the block are also to be ML 20747 185, R20E Uintah 
relinquished.	 This	 was	 approved,	 and	 the	 leases 160.00 acres 
below	 are	 to	 be	 terminated	 and	 the	 lands	 offered 
for	 lease	 by	 the Division's Simultaneous Filing Procr ML 20748 188, R21E Uintah 
dures. 642.00 acres 

ML 20749 185 R2IE Uintah 
Lease No.	 Description	 County/Acres 640.00 acres 

ML 20795	 T11S, R20E	 Uintah ML 20750 185, R21E Uintah 
638.50 acres 80.00 acres 

ML 20797	 1105, R20E	 Uintah ML 20751 185, R21E Uintah 
640.00 acres 480.00 acres 

ML 20828	 1118, 1120E	 Uintah ML 20752 188, R2IE Uintah 
640.00 acres 400.00 acres 

ML 20834	 IllS, R19E	 Uintah ML 20753 19S, R20E Uintah 
640.00 acres 640.00 acres 

ML 20835	 1115, R19E	 Uintah ML 20754 1105, RI9E Uintah 
640.00 acres 640.00 acres 

ML 20836	 1128, R19E	 (Jintah ML 20755 185, R20E Iiintah 
641.92 acres 54.62 acres
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ML 20756 188, R20E Ulatab ML 20872 T78, R216 Uintah 
59.7.00 acres 640.00 acres 

ML 20757 T85, R20E Uintah ML 20884 T75, R25E Ulntah 
619.86 acres 640.00 acres 

ML 20811 TllS, R20E Uintah ML 20885 T75, R25E tilntah 
640.00 acres 322.08 acres 

ML 20825 T8S, R22E Uintah ML 20886 T7S, R25E (Jintali 
640.00 acres 640.00 acres 

ML 20826 182, R23E IJintab ML 20887 T82, 112513 Uintah 
640.00 acres 638.04 acres 

ML 20829 1112, R19E Uintah ML 20907 172, R22E Uintah 
625.62 acres 640.00 acres 

ML 20830 1108, 111813 IJ!ntah ML 20908 175, R23E Uintah 
640.00 acres 640.00 acres 

ML 20831 TIOS, 11188 Uintah ML 20909 178, 11238 Uintah 
640.00 acres 640.00 acres 

ML 20832 1102, 111813 Uintah ML 20910 172, R24E Uintah 
640.00 acres 640.00 acres 

ML 20833 198, R18E Uintah ML 20911 175, 112413 (Jlntah 
640.00 acres 640.00 acres 

Ml 20837 1128, R20E Uintah ML 20912 185, R22E Iilntah 
639.89 acres 722.20 acres 

ML 20838 1125, R20E Uintah ML 20913 185, 112213 tlintah 
640.00 acres 638.16 acres 

ML 20839 1118, 11198 Uiatah ML 20914 188, 11248 Uiatah 
640.00 acres 639.84 acres 

ML 20842 lOS, R18E Uintah ML 20915 182, R24E Uintah 
640.00 acres 480.00 acres 

ML 20843 195, R18E Uintah ML 20916 185, 112513 !Jintah 
640.00 acres 640.00 acres 

ML 20844 198, R18E Uintah ML 24155 195, 11248 Uintah 
640.00 acres 424.40 acres 

ML 20846 198, 11178 Duchesne ML 24156 195, R24E Iiintah 
640.00 acres 280.00 acres 

ML 20852 1108, R17E IJintah ML 24160 188, 11188 Uintah 
640.00 acres 640.00 acres 

ML 20868 165, 11198 Uintah ML 24161 185, RISE Uintah 
509.92 acres 630.32 acres 

ML 20869 165, R19E Uiatah Oil Shale Appilcatlim - Approved 
560.00 acres

In other actions, the Director approved the Oil Shale 
ML 20870 17S, 1120E Uiatah tease	 application listed below at	 a rental of	 $1	 per 

240.00 acres acre	 per	 annum; royalty as provided	 In the	 lease 
form approved by the Board of State Lands. 

ML 20871 175, 1120E Uintah 
640.00 acres AppI. No. 

43908 192, R24E Uintah 
Mitchell A. Lekas 400.00 acres 
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Total Assignments - Oil Shale Leases 

The Director approved the assignment of the Oil 
Shale Leases listed below to Shell Western H & P 
Inc., Houston, Texas by Shell Mining Company. No 
override. 

LEASE OWNERSHIP: SHELL MINING COMPANY 

ML 42360, ML 42362, ML 42363, ML 42477, ML 
42478, ML 42837, ML 42838 

Canceled Oil Shale Leases 

The following oil shale leases are those not paid on 
or before the cancellation date of March 2, 1988. 
Certified notices were mailed. 

Name Account No. 

Faye A. Nichols ML 30181M 
Dean W. Rowel  ML 43189 
Dean W. Rowell	 ML 43190 
Dean W. Rowell	 ML 43191 
Dean W. Rowell	 ML 43192 

MI. 24276-A Geokinetles, Replacement B.md-Seq, 
Ridge Project 

Geokinetics Inc. submitted C.D. #346761 to replace 
C.D. #319692 in lieu of a Surety Bond to cover 
lessee's operations under ML 24276-A. 

Expiration of Oil Shale Leases 

The Oil Shale Lease listed below reached the end of 
its term and expired on the date listed. This lease 
will be terminated and the lands offered for lease 
by the Division's Simultaneous Filing Procedures. 

Lease No.	 Description County/Acres 

ML 24945	 T12S, R13E	 Carbon 
Arland Swartz	 40.00	 acres

SLIt COLORADO LAND STATUS TO RE COMPUTERIZED 

The Bureau of Land Management (BLM) Is building an 
Automated Land and Mineral Record System that will 
provide current land status Information to all BLM 
offices and other land record users via computer 
terminals. 

In announcing the program, Colorado State Director 
Neil Merck said, "BLM is the custodian of a public 
legacy. Our mission to maintain the public land 
records is not changing, but our tools for manage-
ment are." 

Presently, land status is available in manual format 
at BLM State, District, and Resource Area Offices. 
Status plats, case files, source documents, and 
automated records are used to determine the 
availability of land and resources. 

BLM has entered Into a contract with Petroleum In-
formation of Denver, a subsidiary of Dun & 
Bradstreet Corporation, to transfer to computer files 
the land ownership and federal title rights for sur-
face and mineral estates from case data contained 
In the Bureau's manual records. 

In total, the collection and data entry of land and 
mineral status for the states of Colorado, Wyoming, 
California, Oregon, and Washington will involve ap-
proximately 15,700 townships (a township contains 
36 square miles). The work will be distributed over 
a tour-year period with 100 townships in Colorado 
as the initial starting point. Once implemented, the 
end result of the bureauwide effort will be the 
largest land data base In the world. 

After the initial 100 townships expected to be done 
in Colorado in 1988, 1,440 will be completed in 1989 
and the remaining 880 in 1990. Petroleum Informa-
tion has hired an additional 17 employees to handle 
the work in Colorado. 
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RECENT OIL SHALE PUBLICATIONS/ PATENTS 

RECENT PUBLICATIONS 

The following articles appeared in Energy & Fuels, March/April 1988: 

Cramer, S. P., et al., "Characterization of Arsenic in Oil Shale and Oil Shale Derivatives by 
X-ray Absorption Spectroscopy." 

Barakat, A. 0., et al., "Size Distribution of the Straight-Chain Structures in Type I and Ii 
Kerogens." 

Lynch, L. .1. 9 et al., "Molecular Properties and Thermal Transformations of Oil Shale Kerogens 
from in Situ H MMR Data." 

Chakravarty, T., et al., "Computer-Assisted Interpretation of Pyrolysis Mass Spectra of Two Oil 
Shales and Their Corresponding -Kerogens." 

The following article appeared in Trans. AIME, volume 280, 1987: 

Rajaram, V., et al., "Reverse Performance Characteristics of Main Fans In an Oil Shale Mine." 

The following article appeared in Proceedings of the 3rd U.S. Mine Ventilation Symposium, Society of Min-
ing Engineers, AIME: 

Adam, M. E,, at al., "Leakage Testing of Large Ventilation Control Structures for Room and 
Pillar Oil Shale Mining." 

The following reports have been published by the United States Bureau of Mines: 

Thimons, E. D., at al., "Leakage and Performance Characteristics of Large Stopping for Room-and-
Pillar Mining." 

Adam, M. E., et al., "Improved Stopping, Door, and Overcast Construction for Oil Shale Mines." 

Thimons, E. D., et al., "Face Ventilation for Oil Shale Mining." 

The following map has been published by the United States Geological Survey: 

Lickus, M. R., et al., "MF-2031. 	 Wyoming, Colorado, Utah.	 Structure contour map of the 
Greater Green River basin, Wyoming, Colorado, and Utah." 

The following papers were presented at the Fourth Australian Workshop on Oil Shale, held in Brisbane, 
Australia in December 1987: 

Matheson, S. C., "A Summary of Oil Shale Resources and Exploration in Queensland During 
1986-87." 

Toimie, D. B,, "The Status of the Julia Creek Project." 

Thompson, B. J., "The Status of the Rundle Oil Shale Project." 

Madre, D. A., "The Alpha Oil Shale Deposit, the Resource and Its Potential." 

Baker, L. A,, et a)., "Current Developments in the Stuart Oil Shale Project." 

Cannon, A. J., et al., "Progress In Continuing Oil Shale Project Studies." 

Watson, A. F., "Newnes, NSW - Some Recent Research on an Old Australian Oil Shale 
Operation." 

Cosheli, L., et al., "The Role of Kerogen in Determining the Geotechnical Properties of the 
Clay Shales in the Rundle Formation." 

Coshell, L,, "Rundle Cyclicity: A Statistical Analysis." 
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Cosheu, L., "Aspects of the Depositional Environment of the Oil Shale Deposit at Rundle." 

Patterson, J. H., et al., "Chemical and Mineralogical Characterisation of the Kerosene Creek 
Member, Stuart Deposit." 

Patterson, J. H., et al., "Geochemistry of Sub Unit Cc of the Nagoorin Oil Shale Deposit." 

Siwlnski, K. E., "Mining and Feed Preparation of Stuart Oil Shale." 

Korth, J., et al., "Chemical Studies on the Duaringa Oil Shale Deposit." 

Boreham, C. J., et al., "Determination of Yield and Composition of the Pyrolysate from Oil 
Shales - An Integrated Organic Geochemical and Organic Petrographic Study." 

Scouten, C. G., et al., "Detailed Structural Characterization of the Organic Material in Rundle 
Ramsey Crossing Oil Shale." 

Udaja, P., "Determination of Total Sulfur in Oil Shale and Shale Oil Using the Leco Sulfur 
Analyser." 

Levy, J. H,, et al., "Mineral Reactions in Oil Shale Processing: Pyrite with Water Vapour." 

Hoare, I. C., "The Non-isothermal Decomposition Kinetics of Pyrite." 

Connell, L. D., et at, "Hydrodynamic Characterisation of Spent Rundle Oil Shale." 

Clarke, W. P., et al., "Modelling Solute Transport During Unsteady Unsaturated Flow Through 
Pre-wetted Spent Oil Shale." 

Patterson, J. H., et al., "Partitioning of Trace Elements During the Retorting of Australian Oil 
Shales." 

Zhu, S., et al., "Sorption of Pyridine and Qulnoline onto Rundle Spent Shale." 

Lane, D., et al., "Drying Kinetics of Stuart Oil Shale." 

Dickson, B. C., et al., "Rotary Drying of Stuart Oil Shale." 

Gannon, A. J., et al., "Process Correlations for Stuart and Condor Oil Shales." 

van Wechem, H. H. H., et al., "The Basis of Reactor Selection for the Shell Shale Retorting 
Process." 

Kasti, G., et al., "Process Variable Study on Lift-Pipe Combustion of Stuart Spent Shale," 

Dung, N. V., "A Simulation Study on Fluidised Bed Combustion of Condor Spent Oil Shale." 

Dung, N. V., et al., "Comparative Pyrolysis Characteristics of Australian Oil Shales." 

Litster, J. D., et al., "Pyrolysis of Rundle Oil Shale in a Continuous Fluidized Bed Retort." 

Bauman, K. F., et at, "Exxon Shale Retort (ESR) Process Pilot Plant Development Program." 

Moss, T., et al., "In Situ Oxidation of Oil Shale in Julia Creek and its Effect on Oil Yields 
and Kerogen Properties." 

Killingley, J. S., et al., "Pyrolysis Studies on Rundle Oil Shale: Inorganic Gases." 

Charlton, B. C., "Fhe Combustion Kinetics of a Series of Spent Oil Shales from the Nagoorin 
Deposit." 

Charlton, B. G., "The Combustion Kinetics of Some Australian Spent Shales at Temperatures up 
to 900°C." 

Wall, G. C., et al., "Kibetics of Coking of Shale Oil Vapour on Combusted Spent Shale for 
Eight Australian Oil Shale Deposits."
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Soerensen, K. J., et at., 'the Role of Catalysis by Mineral Matter During Oil Shale Retorting." 

Stephenson, L. C., at al., "Upgrading Strategies for Julia Creek Shale Oil - Part 2." 

Fookes, C. J. R., et al., 'Gasoline Blendstocks from Julia Creek Syncrude." 

Sato, S., at at., "Retorting of Condor, Thai and Colorado Oil Shale and Hydrogenation of 
Resulting Shale Oils." 

Batts, B., at al., "Hydro-denitrogenatlon Studies on Some Australian Shale Oils." 

Stephenson, L. C., at al., "Microhydrotrenting of an Australian Shale Oil." 

Zingarelli, J. A., et al., "Upgrading of Stuart Shale OIL" 

Lambert, D. E., et al., "Comparison of Shale Oils Generated from Fresh and Artificially 
Weathered Oil Shales." 

Fookes, C. R. J., at al., "Characterisation of Nickel and Vanadium In Australian Oil Shales and 
Shale Oils." 

Taylor, T., at al., "Factors Affecting the Sorption of Retort Water." 

Corney, Al. W., at al., "Retention and Degradation of Organics in Rundle Waste Shale/Retort 
Water Mixes." 

The following papers were given at the International Conference on Oil Shale and Shale Oil, held in Beij-
ing, China in May: 

I 	 X. L., "Prospect of Oil Shale and Shale Oil Industry." 

Gary, J. H., "Ahead of Our Time." 

Ma, X. C., et al., "Geological Types of OH Shale Deposits in China." 

Zhao, L. Y., at al., "Feature of Distribution and Suggestion on the Development and Utilization 
of Oil Shale in China." 

Ball, F. D., at al., "the Geology of New Brunswick Oil Shales, Eastern Canada." 

Puura, V., et al., "the Conditions of Kukersite Deposition." 

Kattal, V., et al., "Commercial Zonation of the Estonia Oil Shale Deposit." 

Wang, Z. R., et al., "the Relationship Between Oil Shales and Low-Matured Heavy Oil Pools in 
Huanghua Depression." 

Williams, P. F. V., "Organic Geochemistry of the Onshore Kimmeridge Clay Oil Shale of 
Britain." 

Bondar, E., "Variations in the Composition of Sterans and Triterpanes in Oil Shales of Different 
Origins and Stages of Maturity." 

Liao, Z. Q., et al., "the Petroporphyrins In Several Oil Shales, China." 

Yang, Q. S., et al., "Investigation of the Structure of Kerogens Based on the Oxidation 
Products from Multistep Alkaline Permanganate Degradation." 

Vitorovic, 0., et al., "Structural Characterization of the Kerogen from Pumpherston Oil Shale." 

Lee, S. K., at al., "Dissociation of Organic and Mineral Matrix of Maoming Oil Shale at Low 
Temperature and Ambient Atmosphere." 

Lu, S. X., et al., "thermal Properties of Chinese Oil Shale: Measurement of Thermal Conduc-
tivity of Oil Shale." 

GLlkson, M., "High Resolution Transmission Microscopy ITEM) in the Study of Oil Shales." 
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Solodukhln, V. P., et al., "Neutron Activation Analysis Possibilities for the Elemental Composi-
tion Research in Oil Shales, Oil-Bituminous Rocks, Petroleum and their Fractions." 

Laity, D. S., et al., "Comparison Between Chinese and Colorado Oil Shales." 

Chen, J. V., at al., "Factors Affecting the Results of Fischer Assay of Oil Shale." 

Sinor, J. E., "Potential Production of Specialty Chemicals from Oil Shale in the United States." 

Cue, Z. Y., at al., "A Study of Oxidation Technique of Oil Shale." 

Rein, V., "Some Aspects of Nonfuel Utilization of Oil Shales Based on their Oxidation." 

Zhao, Y. F., et al., "The Electrochemical Oxidation of Oil Shale." 

Dyni, J. R., et al., "ilydroretorting, Rock Eval and Fischer Assay Analysis of Some World Oil 
Shales." 

Guo, S. C., et al., "Supercritical Extraction of Chinese Oil Shales." 

Tyler, A. L. et al., "Comparison of Extracts and Yields from the Thermal Solution of a Typical 
Green River Oil Shale and a Sunbury Oil Shale," 

Luik, H. E., at al., "Liquefaction of Oil Shales in Different Solvents and Reagents." 

Nappa, L., et al. 1 "Liquid Fuel from Oil Shales by Hydrogenation and Aqueous Conversion." 

Wang, J. Q., et al., "Drying Mechanism and Kinetics Model of Lump-Size Maoming Oil Shale 
with High Moisture Content." 

Wodtke, R. M. P., at al., "Study on the Viability of Upgrading Brazilian Shale Fines Through 
Flotation." 

Karmnn, D., et al., "thermal Decomposition of New Brunswick Oil Shale." 

Coburn, T. T., et al., "Isothermal Pyrolysis and Char Combustion of Oil Shales." 

Lu, S. X., et al., "A Study on the Kinetics of Kerogen Pyrolysis by Means of Pressure Dif-
ferential Scanning Calorimetry." 

Yang, J. '7., "Investigation on Pyrolysis of Huangxian Oil Shale Between 550-7500C.T 

Wang, J. Q., et al., "Study on Pyrolysis of Particulate Oil Shale with an Improved Ther-
mogravimetric Apparatus." 

Ishiwatari, M., at al., "Application of Pyrolysis Gas Chromatography to Examination of Oil Gen-
eration Properties of Various Oil Shales." 

Lu, Q. H., et al., "Isothermal Pyrolysis Gas Chromatography for Study of Hydrocarbon Formation 
Kinetics from Kerogen." 

Oh, M. S., et al., "Study of Gas Evolution During Oil Shale Pyrolysis by Triple Quadrupole Mass 
Spectrometry." 

Qin, K. Z., et al., "Mechanism of Hydrocarbon Generation from Fushun Oil Shale Kerogen as 
Viewed by High Field Solid State C-13 n.m.r. Spectroscopy." 

Shndle, L. J., et at., "Characterization of Flash Pyrolysis Products from Green River Oil Shale." 

Urov, K., "Dependence of the yield and Properties of Semicoking Oils on the Mineral Content 
and Composition of Oil Shales." 

Wu, R. V., et al., "Comparison of Fischer Assay Shale Oils Produced from Different Oil Shales." 

Wall, G. C., et al., "Kinetics of Cracking and Coking of Oil Shale Vapors and their Relevance 
to the Processing of Australian Oil Shales."
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Dung, N. V., at al., "Fluidized Bed Retorting of Australian Oil Shales." 

Luo, R. T., "Reactor-Combustor Fluidized Bed Retorting of Maomlng Oil Shale." 

Lisbon, A. C. L., "Development of an Oil Shale Fines Pyrolysis Technology." 

Care, R. J., et al., "Oil Shale Retorting In Dense Phase Hot-Solid Recycle Systems." 

Enomoto, M., at at., "Retorting of Four Kinds of Small Size Oil Shale with an Inclining Type 
Continuous Retort." 

Nuttall, H. E., et at., "Design of a New Oil Shale Retort for China's Fushun Region." 

Guo, S. C., at al., "Maoming and Iluadian Oil Shale Retorting." 

Yabushita, T., "Development of Oil Shale Retorting Plant in Japan Part I Construction of the 
Pilot Plant." 

Yabushita, T., at al., "Development of Oil Shale Retorting Plant in Japan Part II Operation of 
the Pilot Plant." 

Yefimov, V. M., at al., "Large Capacity Aggregates for Retorting Lump Oil Shale." 

Wang, X. C., et al., "Technical Features of Fushun-Type Retort Today." 

Lin, Y. H., "Oil Shale Retorting Technology in Maoming." 

Britton, K., "Advances in Fragmentation for In-Situ Bed Production." 

Britton, K., "The Significance of Dilatancy to In-Situ Bed Preparation." 

Hulsebos, J., et al., "Modified-In Situ Technology Combined with Aboveground Retorting and 
Circulating Fluid Bed Combustors Could Offer a Viable Method to Unlock Oil Shale Reserves in 
the Near Future." 

Thu, Z., at al., "Preliminary Study on Hydrotreating of a High Sulfur Content Shale Oil." 

Reeg, C. P., at al., "UNOCAL Corporation's Commercial Experience in Upgrading Shale Oil to 
Produce a High Quality Syncrude." 

Stephenson, L. C., et al., "Upgrading Julia Creek Shale Oil - Syncrude or Fully Refined 
Products." 

Hayashi, M., et al., "Upgrading of Shale Oil by an Ebuliated-Bed Reactor." 

Qian, H. Y., et al., "A New Scheme for Upgrading Fushun Shale OIL" 

Wang, X. Q., et al., "A Study on the Combustion Kinetics of Fushun and Maoming Shale Char 
Particles." 

Fu, Z. Z., et al., "The Seif-Desuiphurating Characteristics of high Sulphur Oil Shale in 
Fluidized Bed Combustor." 

Vanichseni, S., at al., "Fluidized Bed Combustion of the Oil Shale." 

Chen, Y. Z., et al., "Fluid-Bed Boiler Burning Particulate Oil Shale." 

Vyskubeako, Y. A., et al., "Utilization of high-Sulfur Shale Oil in Power Plant Integrated with 
Gasification System." 

Touart, R., "Thermal Fatigue Cracking of Estonian Oil Shale Fired Boilers's Tubes Caused by 
On-Load Water Deslagging." 

Tian, C. S., et al., "Multipurpose Use of Shale Ash and its Paragenetic Mineral in China." 

Han, Z. P., at al., "Properties of Shale Ash (Taken From the Boiling Furnace) Portland Cement." 
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Tian, C. S., at al., "Investigation on the Portland Pozzolana Cement with More Shale Ash 
Content. 

Wang, Z. M., et al., "Studies on Strength and Workability of High-Strength Flowing Concrete 
Utilizing Low Calcium Oil Shale Ash." 	 - 

Hertzberg, M., et al., "Prevention of Oil Shale Dust Explosions." 

Weiss, E. S., at al., "Preferred Explosives for Blasting in Oil Shale Mines." 

Zhu, S., et al., "Sorption of Pyridine and Quinoline onto Rundle Spent Shale." 

Yao, M. C., et al., "Identification and Treatability of Organics In the Waste Water from Oil 
Shale Retorting Units." 

Cai, M. C., et at, "Industrial Testing of Retorting Waste Water Treatment in Towered Biologi-
cal Filtration Pond.' 

Alfredson, P. C., et at, "Status of Oil Shale Developments and Supporting Research in 
Australia." 

Andersson, L. A., et al., "rite Swedish Shale Gasification Research Program." 

Schmitz, H. H., "The Current Situation with Respect to Oil Shale Research and the Use of Oil 
Shale in the Federal Republic of Germany." 

Bekri, 0., "Oil Shale Activities in Morocco." 

Batista, A. R. D., et at, "Oil Shale Industrialization in Brazil." 

Zhao, Z. Y., "Initiation and Development of Oil Shale Fluidized-Bed Boiler in China." 

Ots, A., "Utilization of Estonian Oil Shale at Thermal Power Plants." 

Yan, J., at al., "Sixty Years of Oil Shale Retorting Industry in Fushun." 

Li, E. N., et al., "Economic Assessment of the Fushun Type Commercial Shale Oil Plant." 

Shi, C. Q., et al., "Shale oil Industry in Maoming." 

Liang, C. P., at al., "Some Ideas on the Development of Maorning Oil Shale and Shale Oil 
Industry. 

Hamarneh, Y. M., "Oil Shale in Central Jordan." 

The following papers were presented at the Alternate Energy '88 Conference, held in Napa, California in 
April:

Kuzume, H., "Recent 011 Shale Developments In Japan." 

Zahradnik, R., "Oil Shale Prospects." 

Schora, F., "Eastern Oil Shale Developments." 

The following articles appeared in the Russian Journal 011 Shale during 1987: 

Aarna, A. J., et al., "Development of Oil Shale Chemistry during the Years of Soviet Power." 

Aarna, A. J., et al., "Micromorphology of Pyrocarbon Formed in Inert and Catalytic Conditions." 

Arukula, H. H., "Possibilities of Levelling Oil Shale Quality for Electric Power Plants. Charac-
teristics of Qualitative Heterogeneity in Estonian Oil Shale." 

Bokii, L. L., et al., "Investigation of Hydrogeological Conditions of Oil-Shale Mining In the 
Southern Part of the Estonian Field."
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Bandar, E. B., at al., "investigation of the Structure and Genesis of Shungite. The Composi-
tion of Extracts and Thermal Dissolution and Hydrogenation Products." 

Glonti, R. I., et al., "Comparative Characteristics of Tar Waters Obtained by Processing Oil 
Shales from the Perspective Deposits of the Ukrainian SSR." 

Gontsov, A. A., at al., "Characteristics and Typology of the Turov Oil Shales." 

Gorky, Y. I., at al., "Influence of Mineral Matter of Turov Oil Shales of Byelorussia on the 
Yield and Composition of their Thermal Decomposition Products." 

Gorky, Y. I., et al., "Influence of Chlorides of Metals on the yield and Composition of Thermal 
Destruction Products of Turov Oil Shales." 

Gorky, Y. I., et al., "Effect of Ultrasonic Treatment on the Structure, Properties and Thermal 
Decomposition of Turov Oil Shales of Byelorussia." 

Gorlenko, V. M., et al., "Participation of Photosynthisizing Organisms in the Formation of Volga 
Oil Shales." 

Grinchak, M. B., et al., "Dependence of Semicoking Oil Yield on the Composition of Kerogen 
and Mineral Matter of Oil Shales." 

Grudev, A. P., at al., "Estimation of Mineral Reserves of Stratum-Like Deposits by Means of 
the Interpolation Method (on the Example of the Tape Kukersite Deposit, Estonian 5510." 

Ilyina, 0. V., et al., "Evaluation of the Durability of Polyeondensation Materials from Total Shale Phenols." 

Kaljuvec, E. C., et al., "Oil Shale Mining in the USSR." 

Kattai, V. A., at al., "Hard Bitumen in Kukersite, its Composition and Properties." 

Kattal, V. A., et al., "Geological Estimates of the Commercial Significance of Oil Shale 
Deposits." 

Khokhlov, N. A., et al., "Intensification of Slope Ventilation by Using Fan Ejectors as Applied 
to the Chambercolumn Mining System." 

Khrustaleva, G. K., "Petrography of Mineral Matrix of Oil Shales and Prospects of Utilizing 
Oil-Shale Ashes." 

Kleesment, A.-L. B., et al., "Mineralogy of Tremadoc Graptolitic Argillites of North Estonia." 

ltlejmenova, I. I., et al., "Combustion Properties of Oil Shales from Chagansk, Perelyubsk and 
Kotsebinsk Fields of the Volga Basin." 

Melnikova, L. A., "Investigation of Organic and Mineral Matter of Komi Oil Shales." 

Molder, L. J., et al., "Partition of Alkyl Resorcinols of Oil-Shale Tar Water on Upstream 
Extraction." 

Nappa, L. A., et al., "Liquefaction of Organic Matter of Krasava Oil Shale of Bulgaria in an 
Autoclave." 

Petersell, V. H,, et at,, "Origin of Tremadoc Kerogen-Dearing Siltstones and Argillites of North 
Estonia." 

Peterseil, V. H., et al., "Investigation of the Deraa Oil Shales of Syria." 

Pihiak, A. A., et al., "Spontaneous Combustion of the Deraa Mesozoic Oil Shales." 

Platonov, V. V., et al., "Investigation of Asphaltenes of Semicoking Oil of Lignites from the 
Kansk-Achina Basin. 1. Scheme of Separation of Asphaitenes and Characteristics of Eluates." 

Pokonova, Y. V., et al., "Use of Shale Oil as a Binder to Produce Adsorbents." 
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Saranchuk, V. I., at al., "Peculiarities of Pneumoconlosis Hazard of Oil Shales and Fossil 
Coals." 

Saluste, S. I., at al., "Investigation of Verkhnetutontchana Oil Shale. 2. Composition of Semi-
coking OIL" 

Serebrennikova, 0. V., et al., 'The Composition of Insoluble Organic Matter of the Kuonamka 
Oil Shales." 

Shulga, A. M., et al., "VO-Desoxophylloerythroethloporphyrin -- the Major Representative of 
Porphyrins of Dictyonema Shale." 

Sipovsky, G. V., "Sedimentation Analysts of Shale Oil Mechanical Impurities." 

Strygin, B. I., "Economic Efficiency of Withdrawing the Roof Bolting from the Chambers 
Exhausted." 

Sumberg, A. I., et a)., 'the Composition of Organic Matter of the Yarenga Oil Shale (Komi 
ASSR)." 

Sumberg, A. I., et al., 'Thermal Decomposition of the Suzak Lower Eocene Oil Shales of 
Uzbekistan." 

Tamvelius, H. J., at al., "Water Extraction of Alkyl Resorcinols from Shale Oil Fractions." 

Teder, J. T., at al., "Gas Extraction of Carbonaceous Material with Binary Solvents." 

Teder,	 J. T.,	 et	 al.,	 "Conversion	 of Low-boiling Alcohols in Gas Extraction	 of	 Uzbekistan	 Oil 
Shales." 

Timofeev, V. T., at	 al.,	 "Use of Shale Bitumen in the Composition of Phenolic Foam Plastics." 

Turenko, L. C.,	 at al.,	 "Structural Group Composition of Kukersite Kerogen." 

Urov,	 K. E.,	 et	 al.,	 "The	 Effect	 of	 Clay	 Rocks on	 the	 Yield and	 Composition	 of	 Kukersite 
Semicoking Products." 

Utsal,	 K. R.,	 "Investigation	 of	 the	 Mineral	 and Organic	 Composition of	 Syrian Oil Shales	 by 
X-ray Diffraction Method."

Oil. SHALE - PATENTS 

"Oil Shale Processing Apparatus and Method," Jerry V. Fox, Sun-Sea Pao, John S. Randall - Inventors, Duo Ex 
Corporation, United States Patent 4,737,267, April 12, 1988. A method and apparatus for the recovery of 
bitumen oils from oil shale. The method comprises crushing the oil shale to a predetermined particle size and 
mixing with an organic solvent to form a slurry. The slurry Is then subjected to supercritical temperatures and 
pressures whereby the kerogen materials break down into bitumen oils which solubilize In the solvent. The liquid 
and solids are separated and the solid components are further treated under supercritical temperatures and pres-
sures to yield further bitumen oils. The extracted bitumen oils are separated from solvent by fractionation, and 
upgraded by removing an asphaltenes residue. Off-gases and asphaltenes residue from the system are burned in 
a limestone fluidized bed combustor, which results in environmentally acceptable emissions and supplies process 
heat and power. The apparatus Includes a high pressure autoclave-type vessel with an internal venturi draft 
tube, and a plurality of high pressure decantation vessels with internal lamellae thickeners. 

"Liquid to Solids Heat Exchanger," Alex Chevion - inventor, United States Patent 4,730,667, March 15, 1988. The 
invention relates to a liquid to solids heat exchanger and to a process for retorting carbon-containing solids 
(e.g. oil shale) using such heat exchanger. The heat exchanger contains a liquid pool reservoir, heat source or 
heat sink for heating or cooling the liquid pool, a support for the solids such that there Is heat exchange be-
tween the solids and the liquid pool without direct contact of the solids and the liquid pool, and oscillators or 
vibrators to cause the solids to be conveyed white exchanging heat with the liquid pool. 

"Static Mixer Retorting of Oil Shale," John H. Forgac, Jay C. Knepper, Earl D. York - inventors, Amoco Corpora- 
tion, United States Patent 4,721,560, January 26, 1988. Oil shale Is well mixed and efficiently, effectively, and 
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economically retorted in a special cavity flow retorting process and system which utilizes novel arrangements of 
internal baffles in a static mixer. 

"Conditioning of Recycle Shale in Retorting Process," James R. Quirnette, Robert P. Slag, Henrik P. Waliman - In-
ventors, Chevron Research Company, United States Patent 4,722,783, February 2, 1988. Burned oil shale recycled 
as heat transfer solids in retorting process conditioned under reducing conditions with hydrocarbon to improve 
product yield.
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STATUS OF OIL SHALE PROJECTS 

COMMERCIAL PROJECTS (Underline denotes changes since March 1988) 

ACORN PROJECT - Southern Pacific Petroleum NL and Central Pacific Minerals NL (S-8) 

In 1985 Southern Pacific Petroleum NL and Central Pacific Minerals NL (SPP/CPM) studied the potential for developing a 
demonstration retort based upon mining the Kerosene Creek Member of the Stuart oil shale deposit in Queensland, Australia at a 
grade of 180 liters of oil per dry tonne. 

This study utilized data from a number of previous studies and evaluated different retorting processes. It showed potential 
economic advantages for utilizing the Taciuk Process developed by Umatac and AOSTRA (Alberta Oil Sands Technology and 
Research Authority) of Alberta, Canada. Batch studies were carried out in 1985, followed by engineering design work and es-
timates later the same year. As a consequence of these promising studies a second phase of batch testing at a larger scale was 
carried out in 1986. A series of 68 pyrolysis tests were carried out using a small batch unit. A number of these tests achieved oil 
yields of 105 percent of Modified Fischer Assay. 

As a result of the Phase 2 batch tests, SPP updated their cost estimates and reassessed the feasibility of the Taciuk Processor for 
demonstration plant use. The economics continued to favor this process so the decision was made to proceed with tests in the 100 
tonne per day pilot plant in 1987. A sample of 2,ODO tonnes of dried Stuart oil shale was prepared in late 1986 early 1987. The pilot 
plant program was carried out between June and October 1987. 

Engineering is underway to firm up the project definition for a semicommercial demonstration plant. The project is referred to as 
the Acorn Project. During the last quarter of 1987, SPP carried out a short drilling program of 10 holes at the Stuart deposit in or- 
der to increase information on the high grade Kerosene Creek member. SPP plans to carry out basic design engineering in 1988 on 
the basis of this project definition. The current conceptual design is for a plant processing approximately 2,000 tonnes per stream 
day of as mined feed shale and producing approximately 1,630 barrels per stream day of raw shale oil. 

According to SPP, the present cost plan ceiling is AS30 million for such a demonstration plant, including sen-ices connection and 
product storage. At current prices for low sulfur fuel oil in Australia, it is likely that operation of the demonstration plant will at 
least break even and possibly earn a small surplus. After a year of operation it is expected that sufficient data and operating ex-
perience will have been gathered to scale up the technology to full commercial size (60,000 barrels per day). 

The first commercial module could be in production by the middle of 1994 

Project Cost: For demonstration module A$30 million 

CATHEDRAL BLUFFS PROJECT - Cathedral Bluffs Shale Oil Company. Occidental Oil Shale, Inc., and Tenneco Shale Oil Company 
(t3S, R96W, 6PM) (S-b) 

Federal Oil Shale Lease Tract C-b, located in Rio Blanco County in the Piceance Creek Basin of northwestern Colorado, is 
managed by the equal-interest partnership between Occidental Oil Shale, Inc., and Tenneco Shale Oil Company, doing business as 
Cathedral Bluffs Shale Oil Company. On October 16, 1985 Tenneco Shale Oil Company granted to Occidental Oil Shale, Inc. a 
two year option to acquire its 50 percent interest in Cathedral Bluffs. On October 16, 1987, that option was extended for another 
two-year period. During the option period Occidental is the operator for the project for Cathedral Bluffs. A modified detailed 
development plan for a 57,000 barrels per day modified in situ plant was submitted in March 1977 and subsequently approved in 
April 1977. The EPA issued a conditional Prevention of Significant Deterioration (PSD) permit in December 1977 which was 
amended in 1983. 

Project reassessment was announced in December 1981 in view of increased construction costs, reduced oil prices, and high interest 
rates. The project sponsors applied to the United States Synthetic Fuels Corporation (SFC) under the third solicitation in January 
1983 and the project was advanced into Phase II negotiations for financial assistance. On July 28, 1983 the SFC announced it had 
signed a letter of intent to provide up to $2.19 billion in loan and price guarantees to the project. However, Congress abolished the 
SFC on December 19, 1985 before any assistance could be awarded to the project. 

Three headframes—two concrete and one steel—have been erected. Four new structures were completed in 1982: control mom, east 
and west airlocks, and mechanical/electrical moms. The power substation on-tract became operational in 1982. The 
ventilation/escape, service, and production shafts were completed in Fall 1983. An interim monitoring program was approved in 
July 1982 and extended through April 1986 to reflect the reduced level of activity. A new monitoring plan is part of the lease 
suspension request. 

Water management in 1984 was achieved via direct discharge from on-tract holding ponds under the NPDES permit. Environmen-
tal monitoring has continued since completion of the two-year baseline period (1974-1976). 
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since March inS) 

COMMERCIAL PROJECTS (Continued) 

On April 1, 1987, the Bureau of Land Management, United States Department of the Interior, granted Cathedral Bluffs Shale Oil 
Company a suspension of operation and production for a minimum of five years. Meanwhile, pumping of the mine inflow water 
continues in order to keep the shaft from being flooded. 

Project Cast: Not Disclosed 

CHATHAM CO-COMBUSTION BOILER - New Brunswick Electric Power Commission (S-IS) 

Construction on the Chatham circulating bed demonstration project was completed in 1986 with commissioning of the new boiler. 
A joint venture of Energy, Mines and Resources Canada and the New Brunswick Electric Power Commission, this project consists 
of a circulating fluidized-bed boiler of Lurgi design that will supply steam to an existing 22-MW turbine generator. High-sulfur coat 
will be co-combusted with carbonate oil shales and also with limestone to compare the power generation and economics of the two 
cocombustants in the reduction of sulfur emissions. A full capacity performance-guarantee test was carried out in May 1987, on 
coal, lime and oil shale. A 3500 on test on petroleum coke was started in Januar y. 1988. 

CLEAR CREEK PROJECT - Chevron Shale Oil Company (70 percent) and Conoco, Inc. (30 percent) (135, R98W, 6PM) (5-20) 

Chevron and Conoco successfully completed the operation of their 350 tons per day semi-works plant during 1985. This facility, 
which was constructed on property adjacent to the Chevron Refinery in Salt Lake City, Utah, was designed to test Chevron 
Research Company's Staged Turbulent Bed (Sit) retort process. Information obtained from the semi-works project will allow 
Chevron and Conoco to proceed with developing a commercial shale oil operation in the future when economic conditions so dic-
tate. 

Chevron is continuing to develop its Colorado River water rights through its participation in a joint venture with two other energy 
companies. 

Project Cost: Semi-Works - Estimated at $130 million 

COLONY SHALE OIL PROJECT - Exxon Company USA 035, R95W, 6PM) (S-SO) 

Proposed 47,000 barrels per day project on Colony Dow West property near Parachute, Colorado. Underground room-and-pillar 
mining and Tosco II retorting was originally planned. Production would be 66,000 TPD of 35 OPT shale from a 60-foot horizon in 
the Mahogany zone. Development suspended 10/4/74. Draft US covering plant, 196-mile pipeline to Lisbon, Utah, and minor 
land exchanges released 12/17/75. Final US has been issued. EPA issued conditional PSD permit 7/11/79. Land exchange con-
summated 2/1/80. On August 1, 1980, Exxon acquired ARCO's 60 percent interest in project for up to $400 million. Preferred 
pipeline destination was changed to Casper, Wyoming, and Final US supplement was completed. Work on Battlement Mesa com-
munity commenced summer 1980. Colorado Mined Land Reclamation permit was approved October 1980. Site development was 
initiated. CF. Braun awarded contract 12/80 for final design and engineering of Tosco II retorts. Brown & Root was to construct 
the retorts. Steams-Roger awarded contract 2/81 for design and construction liaison on materials handling and mine support 
facilities. DOE granted Tosco $1.1 billion loan guarantee 8/81. 

On May 2, 1982, Exxon announced a decision to discontinue funding its 60 percent share of the present Colony Shale Oil Project. 
Tosco responded to the decision by exercising its option to require Exxon to purchase Tosco's 40 percent interest. Exxon has com-
pleted an orderly phasedown of the project. Construction of Battlement Mesa has been completed and operation is continuing on 
a reduced scale. An Exxon organization remains in the Parachute area to perform activities including reclamation, some construc-
tion, security, safety, maintenance, and environmental monitoring. These ongoing activities are designed to maintain the capability 
for further development of the Colony resource when economics become attractive. In April. 1988, it was announced that the 
Colony pilot mine would be used for tests of a water- m et-assisted mining machine to be developed under DOE funding. 

Project Cost: Estimated in excess of $5 - $6 billion 

CONDOR PROJECT - Central Pacific Minerals-SO percent; Southern Pacific Petroleum - SO percent (S-Si) 

Southern Pacific Petroleum N.L and Central Pacific Minerals N.L (SPP/CPM) announced the completion on June 30, 1984 of the 
Condor Oil Shale Joint Feasibility Study. SPP/CPM believe that the results of the study support a conclusion that a development 
of the Condor oil shale deposit would be feasible under the assumptions incorporated in the study. 
Since that date, SPP/CPM have confirmed their studies of shale characterization and processing behavior, but further work has 
been suspended.
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since March 1988) 

COMMERCIAL PROJECTS (Continued) 

Under an agreement signed in 1981 between SPP/CPM and Japan Australia Oil Shale Corporation (JAOSCO), the Japanese 
partner funded the Joint Feasibility Study. JAOSCO consists of the Japan National Oil Corporation and 40 major Japanese com-
panies. The 28 month study was conducted by an engineering team staffed equally by the Japanese and Australian participants and 
supported by independent international contractors and engineers. 

From a range of alternatives considered, a project configuration producing 26.7 million barrels per year of sweet shale oil gave the 
best economic conclusions. The study indicates that such a plant would involve a capital cost of US$2,300 million and an annual 
avenge operating cost of US$265 million at full production, before tax and royalty. (All figures are based on mid-1983 dollars.) 
Such a project was estimated to require 12 years to design and complete construction with first product oil in Year 6, and progres-
sive build-up to full production in three further stages at two-year intervals. 

The exploration drilling program determined that the Condor main oil shale seam contains at least 8,100 million barrels of oil in 
situ, measured at a cut-off grade of 50 liters per ton on a dry basis. The case study project would utilize only 600 million barrels, 
over a nominal 32 year life. The deposit is amenable to open pit mining by large face shovels, feeding to trucks and in-pit breakers, 
and then by conveyor to surface stockpiles. Spent shale is returned by conveyor initially to surface dumps, and later back into the 
pit. 

Following a survey of available retorting technologies, several proprietary processes were selected for detailed investigation. Pilot 
plant trials enabled detailed engineering schemes to be developed for each process. Pilot plant testing of Condor oil shale indi-
cated promising results from the'fines" process owned by Lurgi GmbH of Frankfurt, West Germany. Their proposal envisages 
four retort modules, each processing 30,000 tons per day of shale, to give a total capacity of 200,000 tons per day and a sweet shale 
oil output, after upgrading, of 82,100 barrels per day. 

Raw shale oil from the retort requires further treatment to produce a compatible oil refinery feedstock. Two 41,000 barrels per day 
upgrading plants were incorporated into the project design. 

All aspects of infrastructure supporting such a project were studied, including water and power supplies, workforce accommoda-
tion, community services and product transportation. A 110 kilometer pipeline to the port of Mackay is favored for transfer of 
product oil from the plant site to marine tankers. The study indicates that there are no foreseeable infrastructure or envircinmen- 
tal issues which would impede development. If a design and construction schedule of 12 years were chosen, allowing a steady but 
progressive build-up to full production, then an on-site peak construction and operations workforce of up to 3,000 people would be 
required. Operation of the plant would need 1,700 on-site people at full production. 

Market studies suggest that refiners in both Australia and Japan would place a premium on Condor shale oil of about US$4 per 
barrel over Arabian Light crude. Thus a selling price of about US$33 FOB Mackay was assumed. Average cash operating cost at 
full production is estimated at US$20 per barrel of which more than US$9 per barrel represents corporation taxes and royalty. 
Capital costs were estimated to an accuracy of + /- 25 percent, mainly by independent international engineering companies. Of the 
total estimated capital costs of US$2,300 million, almost US$1,700 million is accounted for equally by the three major elements—
mining, retorting, and upgrading. The remainder covers supporting plant, infrastructure, administration, and various allowances 
and contingencies. 

During July 1984 SN', CPM, and JAOSCO signed an agreement with Japan Oil Shale Engineering Corporation (JOSECO). 
JOSECO is a separate consortium of thirty-six Japanese companies established with the purpose of studying oil shale and develop-
ing oil shale processing technology. Under the agreement, SPP/CPM mined 39,000 tons of oil shale between August and Novem-
ber, 1984 from the Condor oil shale deposit at the site of the previous bulk sample. The oil shale was crushed to produce 
20,000 tons of material sized from 15 millimeters to 120 millimeters. This material was railed to Townesville and shipped to Japan 
on December 12, 1984. 

JOSECO commissioned a 250 tonne per day pilot plant in early 1987 and began processing of the Condor shale and carrying out re-
lated investigations. 

Project Cost: $2.3 billion (mid-1983 U.S. dollars) 

EDWARDS ENGINEERING - Edwards Engineering Corporation (S-33) 

Edwards Engineering Corporation has been designing and building at their manufacturing plant in New Jersey a portable oil shale 
retort that will produce between 1,000 and 2,000 barrels of shale oil per day. The completed unit can be easily trucked to any 
suitable location. 

The design of the plant is based on engineering data obtained between 1980 and 1986 from a pilot plant oil shale retort constructed 
at the Edwards plant in New Jersey. The production unit is being built to process typical oil shale as found in Utah, Colorado, Or 
Wyoming. The portable unit has a low capital cost, and will produce a quality product with an API gravity between 26 to 28, having 
a pour point between 35 degrees and 55 degrees F. The system includes a heat recovery arrangement resulting in very low energy 
costs per barrel of oil produced. At least 80 percent of the energy for retorting is recycled, no water is required. The system can be 
readily scaled upward from the 1,000 to 2,000 barrels per day to any conceivable capacity desired. 
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since March 1988) 

COMMERCIAL PROJECTS (Continued) 

During 1986 the construction of the portable oil shale retort was suspended. Construction may be resumed toward the end of 1988. 

Project Cost: Not Disclosed 

ESTONIA POWER PLANTS - Union of Soviet Socialest Republics (S-34) 

About 95 percent of USSR's oil shale output comes from Estonia and Leningrad Oblast. Half of the extracted oil shale comes 
from surface mines, the other half from underground workings. The nine underground mines output 3,000 to 17,000 tons per day 
the surface mines output 8,000 to 14,000 tons per day. 

Exploitation of kukersite resources was begun by the Estonian government in 1918. In 1980, annual production of oil shale in 
USSR reached 41 million tons of which 36 million tons came from the Baltic region. Recovered shale oil was 49 million barrels. 
Most extracted oil shale is used for power production rather than oil recovery. 

More than 60 percent of Estonia's thermal energy demand is met by the use of oil shale, as well as a considerable part of the gas 
supplies for the city of Leningrad. First of their kind ever put into operation, the oil-shale-fueled power plants have an annual out-
put of 1,600 megawatts. Another smaller oil shale fueled Power plant exists in the Baltic area. 

FUSI-IUN COMMERCIAL ShALE OIL PLANT - Fushun Petrochemical Corporation, SINOPEC, Fushun. China (343) 

The oil shale retorting industry in Fushun began in 1928 and has been o perating for 60 years. Annual production of shale oil 
topped 780.000 tons in 1959. In that period, shale oil accounted for 30-5090 of total oil production in China. 

At Fushun, oil shale overlies a coal bed which is being mined. Because the oil shale must be stri pped in order to reach the coal, it 
is economical to retort the shale even thou gh it is of low grade. Fischer Assay yield is about 5.5% oil, on average. 

Currently, only 40 retorts are operating, each retort processing 200 tons of oil shale per day. Other retorts have been shut down 
because of site problems not related to the operation of the retorts. Shale oil production is on the order of 100,000 tons per year. 

Direct combustion of oil shale fines in an ebullated bed boiler has been tested at Fushun Refinery No. 2, 

GARY REFINERY - Gary Refining Company (S-35) 

Gary Refining Company operates a refinery in Fruits, Colorado at the southwestern edge of the Piceance Basin. The Gary oil 
refinery was constructed in 1957 by the American Gilsonite Company to process gilsonite, a solid hydrocarbon ore that is mined in 
Northeastern Utah. Gary Energy acquired the refinery in 1973 after American Gilsonite discontinued the refining of gilsonite. 
Over the past ten years the refinery has been expanded and upgraded into a modem facility capable of processing a wide variety of 
law materials into finished transportation fuels. Recent modifications were made to the refinery to process shale oil. 

Gary Refining had a contract to purchase 8,600 barrels per day of hydrotreated shale oil from the Unocal Parachute Creek facility. 
A contract was also signed with the Defense Fuel Supply Center to provide 5,025 barrels per day of shale-derived military jet fuel 
(JP4) to the Air Force over a four year period. 

The processing scheme that Gary will use to process the shalt oil is geared toward maximizing the yield of JP4. The blocking 
operation is due to the Air Forte requirements that JP4 be produced solely from a shale oil feedstock. Therefore, the crude, 
vacuum, and hydrocracking units will be blocked out, each with a separate operating cycle. Without this Air Force requirement, the 
shale oil would normally be processed commingled with conventional crude oil. 

Upgraded shale oil will be delivered to the refinery via a pipeline from the Parachute upgrading facility to Gary's site. JP4 product 
will be transported by rail to tankage in Salt Lake City, Utah. Other shale-derived products such as gasoline and No. 2 diesel will 
be commingled with similar crude-derived products produced at the Gary facility and sold in local markets. 

In early March 1985 Gary Refining Company shut down the refinery and filed for protection from creditors under Chapter 11 of 
the United States Bankruptcy Code. The United States Bankruptcy Court approved the company's Reorganization Plan in 
July 1986. Under the Plan, payments to creditors will begin after delivery of shale oil from the Unocal plant. Gary is now operat-
ing the facility as a terminal pending the availability of sufficient shale oil to justify starting up the refinery. 

Project Cost: Not Disclosed
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since March 1988) 

COMMERCIAL PROJECTS (Continued) 

JORDAN OIL SHALE PROJECT - Natural Resources Authority of Jordan (S-37) 

Jordan's oil shale deposits are the country's major hydrocarbon resource. Near-surface deposits of Cretaceous oil shale in the 
Iribid, Karak, and Ma'an districts contain an estimated 44 million barrels of oil equivalent. 

In 1986, a cooperative project with Romania was initiated to investigate the development of a direct-combustion oil-shale-fired 
power plant. Jordan is also investigating jointly with China the applicability of a Fushun-type plant to process 200 tons per day of 
oil shale. A test shipment of 1,200 tons of Jordanian shale was sent to China for retort testing. Large-scale combustion tests are 
planned at Kloeckner in West Germany and in New Brunswick, Canada. 

KIVrI'ER PROCESS - Union of Soviet Socialist Republics (S-38) 

The majority of Baltic oil shale (kukersite) found in Estonia and the Leningrad district in the Soviet Union is used for power 
generation. However, over 6 million tons art retorted to produce shale oil and gas. The Kiviter process, continuous operating ver-
tical retorts traditionally referred to as gas generators, is predominantly used in commercial operation. The retorts have been 
automated, and have throughput rates of 200 to 220 tons of shale per day. In the gas generators, low temperature carbonization of 
kukersite yields 75 to 80 percent of Fischer assay oil. The yield of low calorific gas (3,350 to 4,200 1(1/cubic meters) is 450 to 
500 cubic meters per ton of shale. 

The first 1,000 ton-per-day gas generator was constructed at Kohtla-.Jarve, Estonia USSR, and placed in operation in 1981. The 
new retort employs the concept of crosscurrent flow of heat carrier gas through the fuel bed, with additional heat added to the 
semi-coking chamber. A portion of the heat carrier is prepared by burning recycle gas. Raw shale is fed through a charging device 
into two semi-coking chambers arranged in the upper part of the retort. The use of two parallel chambers provides a larger retort-
ing zone without increasing the thickness of the bed. Additional heating or gasification occurs in the mid-part of the retort by intro-
ducing hot gases or an oxidizing agent through side combustion chambers equipped with gas burners and recycle gas inlets to con-
trol the temperature. Near the bottom of the retort is a cooling zone where the spent shale is cooled by recycle gas and removed 
from the retort. The outside diameter of the retort is 9 meters. 

In January. 1987. two new 1.000 TPD retorts were out in operation. A new battery of four 1,500 TPD retorts, with a new circular 
chamber design, is planned. 

Oil from kukersite has a high content of oxygen compounds, mostly phenols. Over SO shale oil products (non-fuel) are currently 
produced. These products are more economically attractive than traditional fuel oil. The low calorific gas produced as by-product 
in the gas generators has a hydrogen sulfide content of 8 to 10 grams per cubic meters. After desulfurization, it is utilized as a local 
fuel for the production of thermal and electric power. 

Project Cost: Not disclosed 

MAOMING COMMMERCIAL SHALE OIL PLANT - Maomin g Petroleum Industrial Corporation, SINOPEC, Maomin g. China (S-39) 

Two types of retort are used: a cylindrical retort with gasification section, and a rectan gular gas combustion retort. Oil shale 
throughput is 150 and 185 tons per day per retort, respectively. 

Current production at Maomin g is approximately 100,000 tons of shale oil per year. Although the crude shale oil was formerly 
refined, it is now sold directly as fuel oil. 

Shale ash is used in makin g cement and buildin g blocks. 

A 50 megawatt power plant burning oil shale fines in 3 fluidized bed boilers is planned. 

MOBIL PARACHUTE SHALE OIL PROJECT - Mobil Oil Corporation (F6S, R95W, 6PM) (S-40) 

Mobil is currently evaluating development plans for its shale property located on 10,00D acres five miles north of Parachute. The 
project is planned to have initial production of 10,000 to 25,000 barrels per day with an incremental buildup to 100,000 barrels per 
day. The United States Bureau of Land Management has completed an Environmental Impact Statement preparatory to future 
permit applications. A Corps of Engineers Section 404 permit application has been submitted and is currently being processed.. 

Project Cost: Estimated $8 billion for 100,000 BPD production
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since March 1988) 

COMMERCIAL PROJECTS (Continued) 

MOROCCO OIL SHALE PROJECT - ONAREP; Science Applications, Inc. (S-55) 

During 1975 a drilling and mining survey revealed 13 oil shale deposits in Morocco including three major deposits at Timandit, 
Tangier, and Tarfaya from which the name 13 for the Moroccan oil shale retorting process was derived. 
In February 1982, the Moroccan Government concluded a $4.5 billion, three phase joint venture contract with Royal Dutch/Shell 
for the development of the Tarfaya deposit including a $4.0 billion, 70,000 barrels per day plant. However, the project faces con-
straints of lower oil prices and the relatively low grade of oil shale. No significant activity is underway except the resource evalua-
tion and conceptual design studies for a small demo plant. 

Construction of a pilot plant at Timandit has been completed with a funding from the World Bank in 1984. System press test and 
the plant acceptance test have also been completed in 1984. During the first quarter of 1985, the plant has gone through a success- 
ful shakedown test, followed by a preliminary single retorting test. The preliminary test produced over 25 barrels of shale oil and 
proved the fundamental process feasibility of the T3 process. More than a dozen single retort tests have been conducted so far to 
prove the process feasibility as well as to optimize the process conditions. Single retort parametric tests wilt continue through 1985 
and the double retort T3 process tests will start in early 1986. The pilot plant utilizes the 'I'3 process developed jointly by Science 
Applications, Inc., and the Office National de Recherche et d'Exploitation Petrolieres (ONAREP) of Morocco. The T3 process 
consists of a semi-continuous dual retorting system in which heat from one vessel that is being cooled provides a portion of the 
energy that is required to retort the shale in the second vessel. The pilot plant has a 100 tons of raw shale per day capacity using 
17 OPT shales. The design of a demonstration plant, which will have an initial output of 280 barrels per day, rising to 7,800 barrels 
per day when full scale commercial production begins, has been deferred until the pilot plant operation is completed in 1985. A 
commercial scale mine development study at Timandit is being conducted by Morrison-Knudsen. 

The 13 process will be used in conjunction with other continuous processes in Morocco. In 1981/1982, Science Applications, Inc., 
conducted for ONAREP an extensive process option studies based on all major processes available in the United States and abroad 
and made a recommendation in several categories based on the results from the economic analysis. An oil-shale laboratory includ-
ing a laboratory scale retort, computer process model and computer process control, has been established in Rabat with assistance 
from Science Applications, Inc. 

Project Cost: Not disclosed 

PARACHUTE CREEK SHALE OIL PROGRAM - UNOCAL Corporation 76 (S.70) 

In 1920 Unocal began acquiring oil shale properties in the Parachute Creek area of Garfield County, Colorado. The 49,000 acres of 
oil shale lands Unocal owns contain over three billion barrels of recoverable oil in the high-yield Mahogany Zone alone. Since the 
early 1940s, Unocal research scientists and engineers have conducted a wide variety of laboratory and field studies for developing 
feasible methods of producing usable oils from shale. In the 1940s, Unocal operated a small 50 ton per day pilot retort at its Los 
Angeles, California refinery. From 1955 to 1958, Unocal built and operated an upflow retort at the Parachute site, processing up to 
1,200 tons of ore per day and producing up to 800 barrels of shale oil per day. 

Unocal began the permitting process for its Phase 110,000 barrel per day project in March 1978. All federal, state, and local per-
mits were received by early 1981. Necessary road work began in the Fall 1980. Construction of a 12,500 ton per day mine began in 
January 1981, and construction of the retort started in late 1981. Concurrently, work proceeded on a 10,000 barrels per day upgrad-
ing facility, which would convert the raw shale oil to a high quality syncrude. 

Construction concluded and the operations group assumed control of the project in the Fall 1983. After several years of test opera-
tions and resulting modifications, Unocal began shipping upgraded syncrude on December 23, 1986. 

In July 1981, the company was awarded a contract under a United States Department of Energy (DOE) program designed to en-
courage commercial shale oil production in the United States. The price will be the market price or a contract floor price. If the 
market price is below the DOE contract floor price, indexed for inflation, Unocal will receive a payment from DOE to equal the 
difference. The total amount of DOE price supports Unocal could receive is $400 million. Unocal began billing the U. S. Treasury 
Department in January, 1987 under its Phase I support contract. 

In a 1985 amendment to the DOE Phase I contract, Unocal agreed to explore using fluidized bed combustion (FBC) technology at 
its shale plant. In June 1987, Unocal informed the U.S. Treasury Department that it would not proceed with the FtC technology. 
A key reason for the decision, the company said, was the unexpectedly high cost of the FBC facility. Preliminary cost and engineer-
ing studies showed that costs would exceed $352 million compared to an original estimate of about $260 million. The decision does 
not affect Unocal's plans to proceed with the current operations of its shale plant. 

As of January 1988, total shale oil production is approximately 750,000 barrels. 

Project Cost: Phase I - Approximately $700 million
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since March 1928) 

COMMERCIAL PROJECTS (Continued) 

PETROSIX - Fetrobras (Petroleo Brasileiro, S.A.) (S-90) 

A 6 foot inside diameter retort, called the demonstration plant, has been in continuous operation since 1984. The plant is used for 
optimization of the PEFROSIX technology. Oil shales from other mines can be processed in this plant to obtain data for the basic 
design of new commercial plants. 

A PETROSIX pilot plant, having an 8 inch inside diameter retort, has been in operation since 1982. The plant is used for oil shale 
characterization and retorting tests, developing data for economic evaluation of new commercial plants. 

An entrained bed pilot plant has been in operation since 1980. It is used to develop a process for the oil shale fines. The plant uses 
a 6 inch inside diameter pipe (reactor) externally heated. 

A spouted bed pilot plant having a 12-inch diameter reactor, has been in operation since January, 1988. It processes oil shale fines 
coarser than that used in the entrained bed reactor. 

A circulating fluidized bed pilot wale boiler is being started up in May, 1988. The combustor will be tested on both spent shale 
and oil shale fines to produce process steam for the PET'ROSIX commercial plants. 

A nominal 2,200 tons per day Petrosix semi-works retort, 18 foot inside diameter, is located near Sao Mateus do Sul, Parana, Brazil. 
The plant has been operated successfully near design capacity in a series of tests since 1972. A United States patent has been ob-
tained on the process. This plant operating on a small commercial basis since 1981, currently produces 800 barrels per day of crude 
oil, 38 tons per day of fuel gas, and 19 tons per day of sulfur. A 36 foot inside diameter retort, called the industrial module, is being 
constructed and will produce 2,950 barrels per day of oil, 40 tons per day of LPG, 120 tons per day of fuel gas, and 60 tons per day 
of sulfur in December 1989. 

Some 35 hectares of the mined area has been rehabilitated since 1977. The schedule for 1989 and 1990 is to rehabilitate 65 hec-
tares. Rehabilitation comprises reforestation, revegetation with local plants and reintegration of wild local animals, bringing back 
the local conditions for farming and recreational purposes. 

Current shale oil production is sent by truck to a refinery 150 kilometers from the plant and is stabilized through the FCC unit in a 
mixture with heavy gasoil. 

Sulfur production is sold directly to clients from local paper mill industries. 

Project Installed Costs: $68.4 (US) Million (industrial module) 

RAMEX OIL SHALE GASIFICATION PROCESS—Ramex Synfuels International, Inc. and Greenway Corporation (S-95) 

On May 6, 1985 Ramex began construction of a pilot plant near Rock Springs, Wyoming. The plant is located on property leased 
from a subsidiary of Union Pacific Railroad. In addition to the one section leased for the pilot plant, Ramex also has options on 
ten additional sections. This site was selected because of the accessibility for potential customers, and the abundance of available 
oil shale reserves. 

The pilot plant consists of two specially designed burners that will burn continuously in an underground oil shale bed at a depth 
of 70 feet. These burners will produce an industry quality gas (greater than 800 BTUs per standard cubic foot). 

In November 1986, Ramex announced that Greenway Corporation had become the controlling shareholder in the company. 

On November 24, 1987, Ram" announced the completion of the pilot project. The formation was heated to approximately 1200 
degrees creating a high-BTU gas with little or no liquid condensate. The wells substained 75 mcI a day, for a period of 3 months 
then were shut down to evaluate the heaters and the metals used in the manufacturing of the heaters. The test results indicated a 5 
year life in a 10 foot section of the shale with a product gas of 800 BTU or higher per standard cubic foot. 

Ram" announced in November 1987 the start of a commercial production	 am in the devonian shale in the eastern states of 
Kentucky and Tennessee. Drilling of the first wells by Trigas Technology I

	
in February 1988 under Ramex supervision, 

Ramex is also investigating potential applications in Israel. 

Project Cost: Approximately $1 million for the pilot tests.
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes sInce March 198) 

COMMERCIAL PROJECTS (Continued) 

RIO BLANCO OIL SHALE PROJECT - Rio fiance Oil Shale Company (wholly owned by Amoco Corporation) (flS, R99W, 6PM) 
(S-I®) 

Proposed project on federal Tract C-a in Piceance Creek Basin, Colorado. Bonus bid of $210.3 million to acquire rights to tract; 
lease issued 3/1/74. Completed four-year modified in situ demonstration program at end of 1981. Burned two successful retorts. 
First retort was 30' x 30' x 166' high and produced 1,907 barrels of shale oil. It burned between October and late December 1980. 
Second retort was 60' x 60' x 400' high and produced 24,790 barrels while burning from June through most December of 1981. 
Program cost $132 million. Company still prefers open pit mining-surface retorting development because of much greater resource 
recovery of five versus two billion barrels over life of project. Cannot develop tract efficiently in that manner without additional 
federal land for disposal purposes and siting of processing facilities. In August 1982, the company temporarily suspended opera-
tions on its federal tract after receiving a 5 year lease suspension from the United States Department of Interior. In August 1987, 
the suspension was renewed for six months and in February 1988 for an additional 18 months or until the lawsuit over the off-tract 
disposal site is settled. 

Federal legislation was enacted to allow procurement of off-tract land that is necessary if the lease is to be developed by surface 
mining. An application for this land was submitted to the Department of Interior in 1983. Based on the decision of the director of 
the Colorado Bureau of Land Management an environmental impact statement for the proposed lease for 84 Mesa has been 
prepared by the Bureau of Land Management. However, a Record of Decision has never been issued due to a suit filed by the Na-
tional Wildlife Federation. 

Rio Blanco submitted a MIS retort abandonment plan to the Department of Interior in Fall 1983. Partial approval for the aban-
donment plan was received in Spring 1984. The mine and retort are currently flooded but were pumped out in May 1985 and June 
1986 in accordance with plans approved by the Department of the Interior. Data from the pumpout are being evaluated. Stringent 
monitoring is continuing. Rio Blanco operated a $29 million one to five TPD Lurgi pilot plant at Gull's Research Center in Har-
marville, Pennsylvania until late 1984 when it was shut down. Data analysis is currently underway. This $29 million represents the 
capital and estimated operating cost for up to 5 years of operation. Engineering and planning for open pit-surface retorting 
development are being continued. The company has not as yet developed commercial plans or cost estimates. On January 31, 1986 
Amoco acquired Chevron's 50 percent interest in the Rio Blanco Oil Shale Company, thus giving Amoco a 100 percent interest in 
the project. Amoco has no plans to discontinue operations. 

Project Cost: Four-year process development program cost $132 million
No cost estimate available for commercial facility. 

RUNDLE PROJECT—Central Pacific Minerals/Southern Pacific Petroleum (50 percent) and Esso Exploration and Production 
Australia (50 percent) (S-hO) 

The Rundle Oil Shale deposit is located near Gladstone in Queensland, Australia. In April 1981, construction of a multi-module 
commercial scale facility was shelved due to economic and technical uncertainties. 

Under a new agreement between the venturers, which became effective in February 1982, Esso agreed to spend A$30 million on an 
initial 3 year work program that would resolve technical difficulties to allow a more precise evaluation of the economics of develop- 
ment. During the work program the Dravo, Lurgi, Tosco, and Exxon retorting processes were studied and tested. Geological and 
environmental baseline studies were carried out to characterize resource and environmental parameters. Mine planning and 
materials handling methods were studied for selected plant capacities. Results of the study were announced in September 1984. 
The first stage of the project which would produce 5.2 million barrels per year from 25,000 tons per day of shale feed was estimated 
to cost $645 million (US). The total project (27 million barrels per year from 125,000 tons per day of shale feed) was estimated to 
cost $165 billion (US). 

In October 1984 SPP/CPM and Esso announced that they have commenced discussions about possible amendments to the Rundle 
Joint Venture Agreement signed in 1982. Those discussions were completed by March 1985. Revisions to the Joint Venture 
Agreement now provide for 

Payment by lisso to SPP/CPM of A$30 million in 1985 and A$123 in 1987. 

Each partner to have a 50 percent interest in the project. 

Continuation of a Work Program to progress development of the resource. Cost of this program for 1985/7 was A$13 mil-
lion. 

Esso funding all work program expenditures for a maximum of 10 years, and possible funding of SPP/CPM's share of subse-
quent development expenditures. If Esso provides disproportionate funding, it would be entitled to additional offtake to 
cover that funding. 

Project Cost: See above
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since March 1988) 

COMMERCIAL PROJECTS (Continued) 

TOSCO SAND WASH PROJECT - Tosco Corporation (1%, R2IE, SLM) (S-lw) 

Proposed 49,000 BPSD project on 17,092 acres of State leases in Sand Wash area of Uintah Basin near Vernal, Utah. A State-
approved unitization 0133 non-contiguous leases required $8 million tract evaluation, which has been completed. On-site environ-
mental assessments have been completed and applications for right-of-way permits for roads, water pipeline, inter-block conveyors, 
power lines, underground mine access tunnels and product pipeline were submitted to Bureau of Land Management in April 1981. 
Final EIS for the project was issued on February 1983. The Federal ND permit was issued on December 10, 1981 and the Utah air 
quality permit was approved in March 1983. All permits for commencement of construction of the first mine shaft have been filed. 

Tosco has completed a core-hole drilling program and a final design for a 16 foot diameter mine shaft and related facilities. Con-
struction of this initial development shaft and experimental mine would enable confirmation of (1) the geologic and geotechnical 
basis for the mine design, (2) estimated mining costs, and (3) the basis for enhancing projected mining recovery ratios for the com-
mercial project. The second phase of the Project will consist of the construction of one 11,000 tons per day TOSCO II pyrolysis 
unit and related oil upgrading facilities which would produce 11,200 barrels per stream day of hydrotreated shale oil. During the 
third phase, Tosco will expand the facility to six pyrolysis units and a 66,ODD tons per day mine, producing a nominal 50, barrels 
per day of shale oil. Contemporaneous development of Phases 1 and 2 is being considered. The definitive design of the single train 
facilities has been completed. 

Project Cost: $820 million in second quarter 1982 dollars (excluding interest) 

TRANS NATAL T-PROJECF - Trans Natal, Ciencor, Republic of South Africa (S-36) 

Current developments in oil shale conversion by Gencor, one of the larger South African mining companies, have proved to be very 
promising and a feasibility study was completed in 1987. A technical study involving retorting test samples of oil shale is presently 
in progress. 

Commissioning of the project is anticipated during 1992. 

YAAMBA PROJECT - Yaamba Joint Venture (Beloba Pty. Ltd., Central Pacific Minerals N.L, Southern Pacific Petroleum N.L, and 
Peabody Australia Pty. Ltd.) (8-220) 

The Yaamba Oil Shale Deposit occurs in the Yaamba Basin which occupies an area of about 57 square kilometers adjacent to the 
small township of Yaamba located 30 kilometers (19 miles) north-northwest of the city of Rockhampton, Australia. 
Oil shale was discovered in the Yaamba Basin in 1918 during the early stages of a regional search for oil shale in buried Tertiary 
basins northwest of Rockhampton. Exploration since that time has outlined a shale oil resource estimated at more than 4.1 billion 
barrels in situ extending over an area of 32 square kilometers within the basin. 

The oil shales which have a combined aggregate thickness of over 300 meters in places occur in 12 main scams extending through 
the lower half of a Tertiary sequence which is up to 800 meters thick toward the center of the basin. The oil shales subcrop along 
the southern and southwestern margins of the basin and dip gently basinward. Several seams of lignite occur in the upper part of 
the Tertiary sequence above the main oil shale sequences. The Tertiary sediments are covered by approximately 40 meters of un-
consolidated sands, gravels, and clays. 

The Yaamba Joint Venture comprises Peabody Australia Ply. Ltd., with 83.3% percent interest, Beloba Pry. Ltd. with 10 0/c, Central 
Pacific Minerals N.L. with 3.3% and Southern Pacific Petroleum N.L. with 33%. Peabody Australia manages the Joint Venture 
which now holds two 'Authorities to Prospect' for oil shale in an area of approximately 1,0 square kilometers in the Yaamba and 
Broad Sound regions northwest of Rockhampton. The 'Authorities to Prospect' were granted to the Yaamba Joint Venture by the 
government of the Slate of Queensland for a five year term commencing May 1983. In addition to the Yaamba Deposit, the 
'Authorities to Prospect' cover a second prospective oil shale deposit in the Herbert Creek Basin approximately 70 kilometers 
northwest of Yaamba. Drilling in the Herbert Creek Basin is still in the exploratory stage. 

A Phase I feasibility study, which focused on mining, waste disposal, water management, infrastructure planning, and preliminary 
ore characterization of the Yaamba oil shale resource, has now been completed. Environmental baseline investigations were 
carried out concurrently with this study. Further investigations aimed at determining methods for maximum utilization of the total 
energy resource of the Yaamba Basin and optimization of all other aspects of the mining operation, and collection of additional 
data on the existing environment are continuing. 

Project Cost: Not disclosed
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COMMERCIAL PROJECTS (Continued)

R&D PROJECTS 

DUO-EX SOLVENT EXTRACTION PILOT PROJECT - Duo-Es (a wholly owned subsidiary of Sotv-Ex Corporation) (8-152) 

Duo-fix is planning to perform test work to establish the commercial, technical and economic feasibility of a new approach to shale 
oil recovery. The Duo-fix approach will convert kerogen to bitumen and lighter products in a solvent extraction medium. 

Efforts of other companies to date to utilize shale oil resources have centered around retorting and in situ processes with limited 
success. Duo-Es has developed a technology that it believes will be environmentally acceptable, cost effective, have shorter lead 
times from project commitment to production and will use smaller scale facilities than retorting and in situ processes. 

Experiments with the Duo-Es process would be conducted at the bench level and then in a continuously fed unit processing up to 
10 pounds of oil shale per hour, complete with recycle, product recovery and solid separation steps. The program is based on previ-
ous work by Duo-Es in a batch reactor and prior engineering studies. The project will determine recoveries of oil, produce scale-
up data and a quantity of raw shale oil for upgrading studies. 

Duo-Es is discussing the project with interested investors and plans to secure funding for the pilot plant during 1988 

Project Cost: $1,000,000 

EASTERN OIL SHALE IN SITU PROJECT - EASTERN SHALE RESEARCH CORPORATION (8-250) 

In 1985, Eastern Shale Research Corporation commenced a project to study the in situ processing of Eastern oil shales, on New 
Albany Shale in Indiana. Test blasts were carried out, followed by the design and blasting of a shot to produce a retort bed for 
burning in the horizontal mode. 

In 1986, a small in situ retort bed was constructed for processing by methods similar to those used by Geokinetics Inc. for shallow 
oil shales in Utah. 

The project is currently in the permitting stage. Environmental control methods and equipment designs are being reviewed by the 
involved regulatory agencies. 

The project is located in southern Indiana and uses the uppermost member (Clegg Creek) of the New Albany oil shale. 

Project Cost: Not disclosed 

ISRAELI RETORTING DEVELOPMENT - PAMA (Energy Resources Development) Inc. (8-175) 

Israeli oil shale development is being coordinated by PAMA (Energy Resources Development) Ltd. PAMA was founded by 
several major Israeli corporations with the support of the government. 

At the time of the collapse of petroleum prices, in 1986, PAMA had completed a detailed design of a demonstration plant for 
production of oil. The design was based on adaptation of an American process employing a shaft-like reactor. As a result of the 
change in oil prices, this plan was shelved, and instead PAMA is directing its efforts to the development of a new extraction process 
which is tailored to the specific properties of Israeli oil shale, thus promising certain advantages over existing presses developed 
elsewhere. The process rests on the use of both fluidized and entrained beds, and the work is carried out in a pilot plant which can 
process around 100 kg/hr of oil shale. Preliminary results are encouraging. 

PAMA has completed extensive studies, lasting several years, which show that the production of either oil or power (the latter by 
direct combustion of the oil shale) is technically feasible. Furthermore, the production of power still appears economically viable, 
despite the recent collapse of petroleum prices and the uncertainties regarding the economics of production of oil from shale. 

PAMA has already embarked on a program for demonstrating the direct combustion of oil shale for power. A demo plant will be 
built that is in fact a commercial plant co-producing electricity to the grid, and low pressure steam for process application at a fac-
tory adjacent to one of the major oil shale deposits. The oil-shale-fired boiler, to be supplied by Ahlstrom, Finland, is based on a 
circulating fluid bed technology. 

Successful demonstration can pave the way to significant commercial production of power from oil shale in the next decade. 

The boiler will deliver 50 tons per hour of steam at high pressure. Low-pressure steam will be sold to process application in a 
chemical plant, and electricity produced in a back-pressure turbine will be sold to the grid. Commissioning is expected in late 1989. 
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R & I) PROJECTS (Continued) 

Project Cost: $25 million for combustion demo plant 

JAPANESE RETORTING PROCESSES - Japan Oil Shale Engineering Company, Ltd. (JOSECO) (S-170) 

Japan Oil Shale Engineering Company, Ltd. (JOSECO) was organized in July 1981 under the guidance of the Ministry of Interna-
tional Trade and Industry and the Japan National Oil Corporation. A 5 year R & D plan was formulated, however this original 
plan was revised to a 7 year plan due to budgetary control. JOSECO was financed by 36 Japanese companies in various industrial 
fields including iron and steel, heavy machinery, mining, cement, plant engineering, and oil refining. 

Three types (a vertical shaft, a circular grate, and a new cross now type) of retorts were built at a scale of about 3 tons per thy. 
These were designed and constructed in 1982 and were operated through August 1983 on oil shales from the United States, 
Australia, China, and Morocco. 

In the shaft type retort, oil shale descends continuously from the retorting zone to the residual carbon combustion zone. To 
prevent flow of gas from the combustion zone to the retorting zone, a seal zone is provided between the two zones to separate 
them. Operation of the pilot plant was generally smooth, and the yield of shale oil was approximately equal to Fischer assay. The 
main feature of this type of plant is the high thermal efficiency obtained by the vertical counterfiow of the oil shale and gas. 
With the circular grate retort, oil shale is charged onto the circumferentially moving grate and passes through preheating, retorting, 
combustion and cooling zones, being contacted by the gas which flows downward through these zones. Oil yield obtained from 
several kinds of oil shale was approximately equal to Fischer assay. The main feature of this type of plant is that the process can be 
adapted to the properties of different oil shales because the size of each zone can be set arbitrarily. 

The cross flow retort is completely separated from the combustion furnace. Oil shale flows down the inside surfaces of louver walls 
and is contacted by the heating gas which flows horizontally between the walls in several passes. In this plant, oil yield was ap-
proximately equal to Fischer  assay. The retorted oil shale is crushed to pieces smaller than 6 millimeters and sent to a fluidized 
bed for combustion of residual carbon. The main features of this type of plant are the low pressure loss in the retorting zone and 
the high carbon utilization ratio obtained with the fluidized bed. 

The second phase of JOSECO's development activities is to conduct a series of tests in a large pilot plant having a capacity of fl) 
tons of raw on per day. The process to be used for the pilot plant was discussed by the advisory committee on the basis of results 
of the experiments on three small scale plants, and then determined to consist mainly of a vertical shaft type retort. 

In addition to a vertical shaft type retort as a retorting/gasi'ing unit, fixed-bed type drying facilities (circular travelling grate) were 
installed to examine the economies of pre-drying of high water content oil shale and fluidized-bed combustion facilities were also 
juxtaposed to study the efficient combustion of carbon in raw shale and the residual carbon on retorted shale. 

The pilot plant is located in Kitakyushu City approximately 1,000 km west of Tokyo. JOSECO started the civil and foundation 
works for the pilot plant in mid-February 1986, and completed the installation work and trial runs of individual units by the end of 
1986. In January 1987, the integrated load trial runs of the pilot plant and the on-the-job training of the operators were initiated. 
The formal operation started early May 1987. 

By the end of September preliminary tests were conducted. Through these preliminary tests, a number of factors were checked and 
reviewed, including the performance and reliability of the equipment, procedures to ensure operational safety, and research on 
process conditions to maintain stable and efficient operations. 

Based on the achievements of preliminary tests, JOSECO has been conducting the main tests using both Australian Condor and 
Chinese Maoming ores. The maximum ore processing amount restricted by the upper limit of supply hot gas volume was around 
220 tons per day in both cases of Condor and pm-dried Maoming ores. 

Oil recovery rate achieved was about 10096 of assay at the later stage of experiments. To date all the data obtained are said to be 
satisfactory. In July, 1988, a 100-day continuous day on Maoming shale is planned to start. 

Project Cost: Approximately US$60 million 

JULIA CREEK PROJECT - CSR LIMfl'El) (5-180) 

A preliminary study was conducted in 1980 to determine feasibility of a large scale extraction of oil from the Julia Creek deposit of 
northwestern Queensland, Australia. The project concept involves surface mining, above-ground retorting, and on-site upgrading 
to produce either a premium refinery feedstock or marketable fuels, particularly kerosene and diesel. 

The project developer is CSR Ltd. and partners to be selected. 

The project has proven reserves of shale amenable to open-cut mining containing about 2 billion barrels of crude shale oil. The 
average oil content of the shale is approximately 70 litres per dry tonne.
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R & I) PROJECTS (Continued) 

Work is being carried out jointly by CSR and CSIRO on the development of a new retorting process based on spent shale ash as a 
recirculating solid heat carrier. 

A staged development is planned, with the timing determined by the anticipated price of oil and improvements in project 
economics. 

Project Cost: Yet to be determined 

NEW PAPAl-tO ASPHALT FROM SHALE OIL PROJECT—New Paraho Corporation (S-240) 

New Paraho Corporation plans to develop a commercial process for making shale-oil-modified road asphalt. Researchers at West-
ern Research Institute (WRJ) and elsewhere have discovered that certain types of chemical compounds present in shale oil cause a 
significant reduction in moisture damage and a potential reduction in binder embrittlement when added to asphalt. This is par-
ticularly true for shale oil produced by direct-heated retorting processes, such as Paraho. 

In order to develop this potential market for shale oil modified asphalts, New Paraho has created an initial plan which is to result in 
(1) proven market performance of shale oil modified asphalt under actual climatic and road use conditions and (2) completion of a 
comprehensive commercial feasibility study and business plan as the basis for securing subsequent financing for a Colorado-based 
commercial production facility. 

The cost of carrying out this initial, market development phase of the commercial development plan is approximately $2i million, 
all of which will be funded by Paraho. The major portion of the work to be conducted during this initial phase consists of produc-
ing sufficient quantities of shale oil to accommodate the construction and evaluation of a one mile test strip of shale oil-modified 
asphalt pavement. Mining of 3,900 tons of shale for these strips occurred in September 1987. The shale oil will be produced in 
Paraho's existing pilot plant facilities, located near Rifle, Colorado. A small pilot plant with an output of 17 barrels per day will be 
used. In October a 10-day test run was completed, producing 150 barrels of shale oil at 95% of Fischer Assay yield. Throughput of 
125% of design was achieved. Shale oil has been sent to Western Research Institute for testing. The facility is expected to be fully 
operational in time for the 1988 highway construction season. 

The one mile test strip will be constructed in Colorado at a site to be selected by the Colorado State Department of Highways. 
Once constructed, the test strip will be evaluated over a period of several years, during which time Paraho will complete site selec-
tion, engineering and cost estimates, and financing plans for a commercial production facility. 

The size of this commercial production facility is currently envisioned as a plant capable of producing 3,000 to 5,000 barrels per day 
of shale oil. At this level of production, the plant would serve approximately 70 percent of the Colorado, Utah and Wyoming 
markets for asphalt paving. 

Based upon current engineering estimates, the initial commercial facility will cost $200 - $250 million to design, engineer and con-
struct. If the project is able to obtain financing and to maintain its proposed schedule, construction of the commercial plant would 
commence in the 1991-1992 time frame. 

At the present time, Paraho states that it has access to several different resource sites upon which the commercial production 
facility could be located: an area in the vicinity of Anvil Points, Colorado: a site on the Mahogany Block in northwest Colorado; 
and the Paraho-1.11c properties, located near Vernal, Utah. Of these several options, the Mahogany site represents the most 
economically viable alternative and, accordingly, is the preliminary location of choice, 

New Paraho is installin g a vacuum still at the nilot plant site to produce shale oil asphalt from crude shale oil 

Project Cost: $2,500,000 

RAPAD SHALE OIL UPGRADING PROJECT - Japanese Ministry of International Trade and Industry (S-205) 

The Research Association for Petroleum Alternatives Development (RAPAD), supported by the Japanese Ministry of Inter-
national Trade and Industry, has adopted shale oil upgrading as one of its major research objectives. 

Developmental works are being conducted on pretreating technology, two hydrorerming processes using fixed-bed type and 
ebullated-bed type reactors, high-performance catalysts for those processes, and two-step treating systems. 

Life tests of one of the catalysts containing molybdenum and promoting metals showed that steady 94 percent denitrogenation can 
be attained for 100 days. Production conditions for the catalyst were established. 

Optimum reaction conditions of the above process, and properties of products were also sought and gained 
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STATUS OF OIL SHALE PROJECTS (Underline denotes changes since March 1988) 

R & D PROJECTS (Continued) 

Shale oils were partially hydrorefined in the first stage, and further hydrorefined in the second stage under conditions typical of ex-
isting petroleum refineries. Upgrading systems are being established for obtaining operational data in 1987 with the large bench-
scale plant (13 barrels per day) using an ebullated bed reactor. 

Project Cost: Not Disclosed 

TRIAD DONOR SOLVENT PROJECT - Triad Research Inc. (5-215) 

Triad Research Inc. is developing a liquid donor solvent process for extraction of oil from low-grade shales. The process is said to 
be capable of producing oil yields of as much as 200 to 250 percent of Fischer Assay. 

The new process, named the H-I! process, utilizes a fraction of the oil derived from the shale as the hydrogen donor solvent. 
Laboratory experiments to date have shown that oil yields from Sunbury shale samples equivalent to more than 200 percent of Fis-
cher Assay are achieved at operating pressure as low as 15 to 20 atmospheres. 

The sponsors are 94 percent complete with the design, engineering, procurement, and construction of a pilot plant facility 

Project Cal: Not Disclosed 

YUGOSLAVIA INCLINED MODIFIED IN SITU RETORT— United Nations (5-230) 

Oil shale deposits in Yugoslavia are mainly located in the eastern part of the country, almost entirely in the Republic of Serbia. 
The best geologically evaluated oil shale deposit is located near the town of Aleksinac, in the lower Juzna Moravica River valley. 
Oil shale dips from the surface at an angle of 30 to 40 degrees up to a depth of 600 meters where it then levels, although the oil 
shale seams are not planar. 

An experimental 33 tons per day gas combustion retort was built and tested in 1955 to 1962. In addition, retorting in an indirect 
retort was carried out in Sweden on 100 tons of Aleksinac oil shale in 1957. A joint effort by several UN consultants from the 
United States and Yugoslavia national staff produced the Inclined Modified In Situ (IMIS) Method to cope with the dipping oil 
shale seams characteristics of the Alcksinac Basin. To achieve the appropriate void formation 23 percent of the shale rock would 
be mined. Design criteria for the IMIS retort include an oil shale yield of 115 liters per ton, and a retort height of 100 meters. The 
retort injection mixture would be 50 percent air and 50 percent steam. As a future development, eight modules of IMIS retorts 
would be in operation at a time, producing 15,700 barrels per day of oil. 

Surface retorts would produce 4,470 barrels per day of oil, making the total capacity at Aleksinac 20,000 barrels per day at full 
production (about 1 million tons per year). For the mined shale, interest has been expressed in adapting the 'fl retort system un-
der development in Morocco. The overall resource recovery rate would be about 49 percent. 

Construction time for a 20,000 barrels per day facility is estimated to be 11 years. The estimated project cost was about 
$650 million (US). The estimated shale oil net production cost was $21.00 (US) per barrel and the upgrading cost was estimated to 
be $7.00 (US) per barrel. 

In the mined brown coal area, the coal mine workings can provide access to the oil shale for an initial pilot module. Go-ahead for a 
full-scale 20,000 barrels per day operation would be given only after the results of the pilot module are known. The pilot module 
has been designed by Energoproject, Belgrade, with UNDP support. Establishment of the IMIS experiment had been expected in 
1988 but will now be postponed to 1992. 

The main problem in the design evaluation stages was consideration of the environmental impact on open streams and the fertile 
agricultural surroundings in the basin. The present solution, utilizing the IMIS method, promises an environmentally acceptable 
approach. 

Project Cost: US$12,000,000
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COMPLETED AND SUSPENDED PROJECTS 

Prolect Sponsors Last Appearance in SFR 

American Syncrude Indiana Project American Syncrude Corp. September 1987; page 2-53 
Stone & Webster Engineering 

Baytown Pilot Plant Enon Research and Engineering September 1987; page 2-60 

Dx In Situ Oil Shale Equity Oil Company March 1984; page 2-52 
Project 

Cottonwood Wash Project American Mine Service March 1985; page 2-73 
Cives Corporation 
Deseret Generation & 
Transmission Coop. 

Poster Wheeler Corporation 
Davy McKee 
Magic Circle Energy 

Corporation 

Direct Gasification Tests Tosco Corporation September 1978; page 84 

Exxon Colorado Shale Exxon Company USA March 1985; page 2-73 

Gelsenkirchen-Scholven Veba Oct June 1987; page 2-52 
Cyclone Retort 

Laramie Energy Laramie and Rocky Mountain June 1980; page 2-34 
Technology Center Energy Company 

Logan Wash Project Occidental Oil Shale Inc. September 1984; page S-3 

Means Oil Shale Project Central Pacific Minerals June 1987; page 2-47 
Dra'ro Corporation 
Southern Pacific Petroleum 

Nahcolite Mine #1 Multi-Mineral Corporation September 1982; page 2-40 

Naval Oil Shale Reserve United States Department June 1987; page 2-53 
of Energy 

Oil Shale Gasification Institute of Gas Technology, December 1978; page 8-3 
American Gas Association 

Pacific Project Cleveland-Cliffs June 1987; page 2-48 
Standard Oil (Ohio) 
Superior 

Paraho Oil Shale Full Size Paraho Development Corporation December 1979; page 2-35 
Module Program 

Paraho-Ute Shale Oil Paraho Development Corporation December 1986; page 2-47 
Facility 

Seep Ridge Geokinetics Inc. March 1986; page 2-54 
Peter Kiewit Sons' Inc. 

Silmon Smith Kellogg Corporation March 1985; page 2-72 
Shale Energy Corporation of America 

United States Bureau of Mines Shaft Multi-Mineral Corporation; United States December 1983; page 2-52 
Bureau of Mines 

United States Shale United States Shale Inc. March 1985, page 2-72 

Unnamed In Situ Test Mecco, Inc. September 1978; page 8-3
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Unnamed Fracture Test 	 Talky Energy Systems 	 September 1978; page 84 

White River Shale Project	 Phillips Petroleum Company	 March 1985; page 2-72 
Standard Oil Company (Ohio) 
Sun Oil Company
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STATUS OF OIL SHALE PROJECTS 

INDEX OF COMPANY INTERESTS

Company or Onanization Proiect Name 

Amoco Corporation Rio Blanco Oil Shale Project (C-a) 2-60 

Beloba Pty. Ltd. Yaamba Project 2-61 

Cathedral Bluffs Shale Oil Company Cathedral Bluffs Project (C-b) 2-53 

Central Oil Shale Pty. Ltd. Yaamba Project 2-61 

Central Pacific Minerals Acorn Project 2-53 
Condor Project 2-54 
Rundle Project 2-60 
Yaamba Project 2-61 

Chevron Shale Oil Company Chevron Clear Creek Project 2-54 

Conoco Inc. Chevron Clear Creek Project 2-54 

CSR Limited Julia Creek Project 2-63 

Duo-Bit (Solv-Ex Corporation) Duo-Es Solvent Extraction Pilot Project 2-62 

Eastern Oil Shale Research Eastern Oil Shale In Situ Project 2-62 

Edwards Engineering Company Edwards Engineering 2-55 

Esso Australia Ltd. Rundle Project 2-60 

Exxon Company USA Colony Shale Oil Project 2-54 

Fushun Petrochemical Corporation Fushun Commercial Shale Oil Plant 2-56 

Gary Refining company Gary Refinery 2-56 

Gencor Trans Natal T-Project 2-61 

Japanese Ministry of International RAPAD Shale Oil Upgrading Project 2-64 
Trade and Industry 

Japan Oil Shale Engineering company Japanese Retorting Processes 2-63 
(JOSECO) 

Jordan Natural Resources Jordan Oil Shale Project 2-57 

Maoming Petroleum Industrial Corporation Maoming Commercial Shale Oil Plant 2-57 

Mobil Oil Corporation Mobil Parachute Oil Shale Project 2-57 

New Paraho Corporation Paraho Asphalt From Shale Oil 2-64 

Occidental Oil Shale, Inc. Cathedral Bluffs Project (C-b) 2-53 

Office National de Recherche et Morocco Oil Shale Project 2-58 
d'Exploitation Petrolieres 
(ONARBP) 

PAMA Inc. Israeli Retorting Development 2-62 

Peabody Australia Pty. Ltd. Yaamba Project 2-61 

Petrobras Petrosix 2-59 

Ram" Synfuels International Ramex Oil Shale Gasification Process 2-59
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Company or Or2anization Prolect Name 

Rio Blanco Oil Shale Company Rio Blanco Oil Shale Project (Ca) 2-60 

Science Applications, Inc. Morocco Oil Shale Project 2-58 

Sinopec Fushun Commercial Shale Oil Plant 2-56 
Maoming Commercial Shale Oil Plant 2-57 

SoIv-Ex Corporation Duo-Ex Solvent Extraction Pilot Project 2-62 

Southern Pacific Petroleum Acorn Project 2-53 
Condor Project 2-54 
Rundle Project 2-60 
Yaamba Project 2-61 

Tosco Corporation Tosco Sand Wash Project 2-61 

Trans Natal Trans Natal T-Project 2-61 

Triad Research Inc. Triad Donor Solvent Project 2-65 

Unocal Corporation Parachute Crack Shale Oil Program 2-58 

Union of Soviet Socialists Republics Estonia Power Plants 2-56 
Kiviter Process 2-57 

U.S. Department of Energy Duo-Ex Solvent Extraction Pilot Project 2-62 

United Nations Yugoslavia Inclined Modified In Situ Retort 2-65 

Yaamba Joint Ventura Yaamba Project 2-61
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PROJECT ACTIVITIES 

DgTAILS GIVEN FOR SllL'S PEACE RIVER EXPANSION 
PROJECT 

On January 25, 1988, the Alberta Energy Resources 
Conservation Board approved the application by Shell 
Canada Limited for a major expansion of the Peace 
River Project (see Pace Synthetic Fuels Report, 
March, 1988 page 3-1)7 

Shell had applied on July 20, 1987 for a second 
major phase of its commercial in situ oil sands 
scheme. The proposed second phase (PREP U) would 
add a reservoir development area of approximately 
3,000 hectares and average bitumen production rate 
of 6,400 cubic meters per day thereby increasing 
PREP production to 8,000 cubic meters per day. 
Using the pressure cycle steam drive process over a 
30-year operating life, recovery from the Bluesky-
Gething oil sands deposit Is predicted to be 
55 percent of the bitumen In place. 

The specific details of PREP II 	 are summarized 
below: 

- PREP U would be built as an integrated, 
stand-alone facility, with the central 
processing plant located four kilometers south 
of PREP I, as shown in Figure 1, surrounded 
by the field area. 

- PREP U would recover 6,400 cubic meters per 
day of crude bitumen over a 30-year period 
representing a recovery estimated by Shell to 
be 55 percent of the initial bitumen reserves 
in place. 

- The pressure cycle steam drive process, 
developed at the experimental project (Peace 
River In Situ Project) and continued at PREP 
I, would also be used at PREP II. 

- PREP II would be developed In four annual 
construction stages, each capable of produc-
ing 1,600 cubic meters per day of bitumen. 

- Directional drilling from satellite pads would 
be utilized to minimize land use impact. A 
total of eight satellites and 212 wells would 
be required for each 1,600 cubic meters per 
day stage. Productivity over the 30-year 
life of the project would be maintained via 
the additional four further stages at ap-
proximately year 10 and four more at 
year 20. 

- A total of 16 steam generators would be ini-
tially installed on the basis of four genera-
tors being required for each of the four 
stages. 

- The central processing plant would be built 
in two Increments of 3,200 cubic meters per 
day.

- PREP li water, power, and natural gas fuel 
requirements would be obtained via tie-in to 
the existing PREP I lines, and the diluted 
PREP II bitumen product would be shipped 
through existing facilities located at PREP I. 
A new pipeline would be necessary to bring 
the required diluent requirements to both 
PREP I and PREP U. The exact route for 
the pipeline has not yet been selected; 
however, Shell will utilize existing pipelines 
and pipeline corridors where possible and 
would be subject to regulatory approval. 

- Produced water would be dc-oiled with in-
duced gas flotation and filtration; water that 
is to be reused would be blended with fresh 
water and softened with two stages of Ion 
exchange. Following an initial test period, 
reuse of up to 70 percent of the combined 
PREP I/PREP II produced water is expected 
with the ion exchange treatment system. 

- Fresh make-up water would be obtained from
Shell's existing facility on the Peace River. 

- A gas processing facility, designed to recover 
94 percent of the sulfur from the combined 
PREP I/PREP U poor-quality acid gas stream, 
would be constructed at the PREP II Central 
Processing Plant site, following which a max-
imum of two tonnes per day of sulfur would 
be releasqd to the atmosphere via an In-
cinerator stack. 

- The project capital cost is estimated at 
$570 million, with annual operating costs of 
approximately $100 million. 	 A further 
$330	 million	 would	 be	 required every
10 years to replace depleted wells and ex-
tend field gathering facilities.	 (All figures
are 1987 dollars). 

- Initial project construction of the central 
processing facility, to occur over 18 months, 
Is estimated to create an average 400 jobs, 
peaking at 650 jobs. During the 30-year 
operation phase, 280 new jobs would be 
created	 on	 site	 plus
25 technical/administrative support jobs in 
Calgary. 

Socioeconomic Impact 

Through a series of meetings and open house 
programs, Shell presented preliminary details of the 
commercial project expansion to community represen-
tatives, business, public interest and native groups, 
and government agencies. Comments regarding actual 
Impacts that occurred as a result of PREP I, and 
anticipated impacts due to PREP U, were solicited. 
Perceptions about PREP II were largely positive with 
few concerns mentioned.	 As with the PREP I ap-
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FIGURE 1 

PEACE RIVER EXPANSION PROJECT II 

R.15W.5M. 

1.85 
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PREP central	 processing	 Facility 

PREP II central	 processing facility 

plication, some concern regarding local employment 
and business opportunities for natives was expressed. 

Enviraunental Details 

A sulfur recovery facility consisting of a Gas 
Sweetening Unit and a Sulfur Recovery Unit will be 
installed to recover sulfur from the PREP I and PREP 
11 produced gas streams. cli mb but would not exceed 10 tonnes per day. 

The overall sulfur recovery level of the facility will 
be 94 percent of the sulfur in the poor-quality (low 
11 2 S concentration) produced gas stream, with a max-
imum of two tonnes per day of sulfur emission fol-
lowing start-up of the gas processing facility. 
However, because of "turndown" limitations, sulfur 
recovery would not commence until some 2.5 years 
after commencement of production from PREP ii. 
Prior to that time, sulfur emissions would gradually 
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The PREP II steam generator stacks and the in-
cinerator stack have been sized to ensure that 
ground-level 50 2 concentrations from the overall 
complex remain below the applicable ambient air 
quality standards. 

Hydrocarbon vapors will be collected from tanks and 
low-pressure equipment by a vapor recovery system. 
The vapors will be compressed and discharged to the 
produced gas system. Casing vent gas from the 
field will also be collected, compressed, and dis-
charged to the produced gas system. 

Produced solids will be trucked to a clay-lined con-
tainment pit to ensure that there is no contamina-
tion of the surrounding ground water and will ul-
timately be disposed in an environmentally safe man-
ner following approval from the appropriate govern-
ment agencies. 

Approximately 850 hectares of land will be cleared 
for PREP U which includes about 400 hectares of 
surface disturbance for drilling, disposal, and surface 
facilities. 

Increased water withdrawal from the Peace River 
will take less than 0.1 percent of the lowest re-
corded flow during the period of maximum require-
ment. The use of Pence River water will decline as 
water reuse objectives are achieved. 

Make-up Fuel Source 

Fording Coal Limited filed a submission with the 
Board regarding the use of coal versus natural gas 
as the fuel for the steam generators. Fording ob-
served that fuel costs will be one of the largest 
operating expenses during the life of the project. 
Therefore, it contended that alternative fuel sources, 
specifically coal versus natural gas, should be con-
sidered. Fording was concerned that the oil Industry 
in general has not field tested coal-fired equipment 
and therefore had no operating experience on which 
to base Its contention that gas would be the more 
economical fuel over the longer term. 

Fording therefore recommended that Shell be required 
to participate in a demonstration test of coal-fired 
steam generators so that Shell would be able to 
provide an accurate economic analysis of fuel alter-
natives for future installations of steam generators. 

Shell Indicated that it had no objection to evaluat-
ing any specific proposal for participation in a 
research project for use of coal-fired steam genera-
tors; however, it did not believe that the Board 
should make participation in such a project a condi-
tion of an approval for PREP II. 

Respecting the technology for coal use, the Board 
notes that there have been advances in the develop-
ment of modular coal-fired steam generators In a 
size range comparable to the gas-fired units cur-
rently In use at PREP I. However, these units 
would have to be tested under field conditions to 
demonstrate the turndown ranges required for in situ 
oil sands operations.

The Board believes that coal-fired steam generation 
could become economically attractive over the longer 
term. Bearing that in mind and recognizing the 
potential public benefit of expanded use of Alberta's 
vast coal resources, the Board endorsed Fording's 
proposal that oil sands operators actively support 
field demonstration testing of coal-fired steam gen-
eration. However, it did not make this a condition 
on the permit. 

Decision Life 

The Board, with the authorization of the Lieutenant 
Governor in Council, approved Shell's Application for 
Peace River Expansion Project H, with provision for 
cancellation if substantial construction is not under 
way by December 31, 1990. 

NEWGRADE %JPGRADER INTEGRATED WITH COOP 
REFINERY 

Between March 14 and May 7, the Consumers 
Cooperative Refinery in Regina, Saskatchewan was 
shut down to prepare It for integration with the 
NewGrade Upgrader under construction. 

Construction of the iipgrader is scheduled for 
completion in September, following which final tie-
Ins with the refinery will be made. The Upgrader-
Refinery complex will begin processing heavy oil in 
October. 

The shutdown began on March 14, and before that 
enough refined product was stockpiled to last well 
into spring. During the shutdown more than halt-
a-milllon person-hours of work were scheduled. At 
the peak of activity, more than 1,100 workers were 
working on the refinery site. 

Even with depressed oil prices, oil companies have 
recently sunk millions into development and explora-
tion in Saskatchewan's southwest oil fields. Much of 
this increased activity is in anticipation of the Co-
op Upgrader coming on stream, according to 
Saskatchewan's Minister of Energy and Mines, Pat 
Smith. 

Smith said the Upgrader has sparked renewed inter-
est in Saskatchewan's vast reserves of heavy oil. 
Once the Upgrader begins processing heavy oil, Con-
sumers' Co-operative Refineries Limited (CCRL) will 
no longer have to purchase 35,000 to 40,000 barrels 
a day of light crude oil from Alberta. Instead, the 
Upgrader - Refinery complex will Purchase 
50,000 barrels a day of heavy oil feedstock in Sas-
katchewan. This demand will be in addition to cur-
rent markets for Saskatchewan heavy oil. 

The government of Saskatchewan is a fifty percent 
partner In the Upgrader, along with CCRL. The 
project is controlled by a board of directors with 
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three directors appointed by the provincial govern-
ment, one by the government of Canada, and four 
by CCRL. 

Smith said the province became convinced of the 
need for an upgrader for several reasons. "Heavy 
oil is a key factor In future growth areas," she 
said. With Saskatchewan's light oil reserves being 
depleted, and with costs mounting to transport heavy 
oil to American and eastern markets, the government 
recognized that heavy oil would be a more 
marketable commodity if it were upgraded. And the 
more Saskatchewan oil that was sold, the more 
revenue the government could expect from oil 
royalties. So, looking for a way to capitalize on 
the province's valuable heavy oil resource was a 
priority. 

Oil royalties account for fully 12 percent of govern-
ment revenues.	 The 50,000 barrels of oil per day 
that	 the	 Upgrader	 will	 need	 will	 generate
$60 million a year in additional royalties. 

By developing and processing its own oil, Sas-
katchewan will minimize its dependence on other oil 
producing areas and move closer to energy self-
sufficiency. 

Because its design differs from conventional 
upgraders, the NewGrade plant is not expected to 
suffer the same economic problems as conventional 
upgrading plants in Alberta. Conventional upgrader 
economics depend on the price difference between 
the bitumen they use as feedstock and the light 
crude they produce. in times when that price dif-
ferential is small, conventional upgraders have mar-
ginal economics. 

The NewCrade upgrader's economics are expected to 
be better because the project really involves 
feedstock replacement. The CCRL refinery uses light 
oil as feedstock, but the upgrader addition will al-
low it to use heavy oil as a feedstock instead. The 
complex will produce the same refined light oil 
product from a cheaper heavy oil.

extraction process. Solv-Ex was	 responsible	 for 
preliminary process design	 of the	 facility,	 which 
would have included only bitumen mining and extrac-
tion,	 with no upgrading.	 Shell contracted with Fluor 
Canada to carry out engineering feasibility studies.

In spite of a substantial loan guarantee promised by 
the Alberta Government, Shell Canada apparently 
decided the project would be uneconomical. Solv-Ex 
believes that this is because the project was not 
designed to include a bitumen upgrading step, making 
It difficult to market the product. 

Solv-Ex has acquired an option on an oil sands lease 
in the Athabasca region, a few miles north of the 
Shell Canada lease, and intends to independently 
pursue a project on this site. Named the Bitumount 
Project, it involves the construction of an integrated 
oil sands facility which will use the Solv-Ex process 
to produce 11,000 barrels per day of synthetic crude 
oil. An upgrading process based on hydrogenation 
will be included in the C$300 million facility. 

Financing options are being studied and Solv-Ex 
hopes to be able to start production by late 1991. 

Solv-Ex plans to reduce capital costs by using 
modular construction, which is possible due to the 
size and design of the project. With oil expected 
to be in the $18 - $20 per barrel range In the 
early nineties, they believe this approach can be 
demonstrated in the field today, providing acceptable 
rates of return. 

These economies would be a distinct improvement 
over what Is currently available. The reasons for 
this improvement, according to Solv-Ex, are: 

Early cash flow due to shorter lead time--two 
years for construction and the ability to bring 
the plant to 100 percent capacity in two years. 
This is possible because the equipment sizes in-
volved and the technological environment for 
this kind of project having been well defined 
and tested. 

Modular construction reduces capital costs by 
up to 30 percent and can be applied in many 
areas. 

SHELL DROPS OUT, SOLY-EX ANNOUNCES NEW 
PROJECT 

Solv-Ex Corporation announced that it has agreed 
with Shell Canada Limited to terminate the March 1, 
1986 agreement between the two parties. Shell 
Canada Is to pay Solv-Ex $1,000,000 as part of the 
termination and neither party is to have any further 
rights or obligations under the agreement. 

Shell and Solv-Ex had planned a 7,500 barrel per 
day bitumen extraction plant costing C$260 million. 
Shell's withdrawal ended two years of cooperation 
between the companies in testing Solv-Ex's solvent

The energy and production synergisms, together 
with high liquid yields, provide operating costs 
about 30 percent lower than if the units were 
stand-alone, i.e. extraction and upgrading. 

Finally,	 the	 high	 liquid volume,	 about 
110 percent of the bitumen produced, provides 
maximum revenue for the project. 

The Bitumount Project on the Athabasca lease will 
use truck and shovel mining, solvent extraction, gas 
fired turbines with waste heat boilers for the 
utilities, and hydrogen addition with removal of met-
als and sulfur for upgrading. Operating costs are 
estimated to be C$12.33 per barrel. 
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TECHNOLOGY DEFINED FOR 80,000 BARREL/DAY 
EXPANSION AT SYNCRUDE 

Syncrude Canada Ltd. Is planning an 80,000 barrel 
per day expansion to the oil sands plant. The tech-
nology to be used in the expansion was discussed by 
John E. Clark, at the Alternate Energy '88 Con-
ference in April. 

The Syncrude plant started production In 1978, and 
in the first full year of operation produced just un-
der 20 million barrels of synthetic crude oil. The 
first years of plant operation were characterized by 
extensive problem solving. 

Conveyor belting had a tendency to crack in oil 
sands service in the low winter temperatures. In 
the first winter of operation, some 33,000 feet of 
conveyor belt were damaged by cold weather crack-
ing. Research In conjunction with major conveyor 
belting manufacturers has led to belting that can 
withstand temperatures down to -600C. 

Improvements made In the conveyor belt splicing 
techniques have Increased splice life from three 
months to over two years. Conveyor idler life has 
increased from six months to over two years through 
the development of self cleaning idlers. Extensive 
use of abrasion resistant materials has reduced 
downtime and reduced maintenance cost. Changes in 
mine planning have reduced the problems with frozen 
material both in the mine and In the extraction 
plant. Extensive use of strain gauging and analysis 
techniques has led to the identification and solution 
of many problems associated with the heavy equip-
ment. 

In the upgrading complex extensive refinement of the 
heat tracing system improved the plant's ability to 
survive the winter temperatures which can drop as 
low as -500C. 

In addition to addressing plant reliability, work has 
also been focused on improving the plant throughput, 
recovery and yield. Coupling of the mining opera-
tion with its different pattern of major equipment 
availability to the continuous feed requirements of 
the extraction plant has been improved by the 
development and installation of an auxiliary ore feed 
system which uses a feeder-breaker that can load 
plant feed conveyors directly from trucks. New 
processes that recover bitumen from the extraction 
plant tails (tails oil recovery system) and diluent 
naphtha from the froth treatment plant tails 
(naphtha recovery unit) have raised the overall 
recovery of bitumen to a design of 93 percent. 

The net results of these and the many other changes 
is shown in Figure 1. Plant production has in-
creased from 30 million barrels In 1979 to 50 million 
barrels in 1987.	 More importantly, the operating
cost per barrel has decreased by 40 percent. 

There has been a continuing reinvestment of capital 
in the plant. Over the past six years some 
$1.2 billion (Canadian) of capital has been spent In 
all parts of the operation.	 A major component of

FIGURE 1 

SYNCRUDE PRODUCTION AND 
COST HISTORY 

YEAR

this ($650 million) is the Cap&city Addition Project 
that will come on stream In the fall of 1988 
(Figure 2). The Capacity Addition Project will 
provide a production increment of 20,000 barrels per 
day. 

The Future Expanslai 

Clark pointed out that the Syncrude leases contain 
enough ore for over 100 years of operation at cur-
rent production rates. A design for a potential ex-
pansion to the Syncrude project is nearing comple-
tion. The basis for the design is an 80,000 barrel 
per day expansion to the plant that would cost ap-
proximately $4.0 billion (1988 $Canadlan) and would 
be started up In a staged fashion between 1993 and 
1996. The study is being assisted by an $85 million 
loan from the Alberta Government. 

The ore source for the expansion Is a new mine to 
the north and west of the current mine. Overbur-
den removal will be based on a shovel/feeder-
crusher/conveyor/stacker system and a truck and 
shovel operation.	 Ore mining will be based on 
dragline/bucket-wheel	 reclaimer/conveyor	 and	 on
truck and shovel to a feeder-breaker/conveyor. 

The extraction plant process design is a modification 
to the current hot water process which Incorporates 
the improvements that have been made In the 
Syncrude plant over the past ten years. It features 
a major reduction in the amount of high level 
energy required. 

The froth treatment plant is an extension of the 
process that was developed for the Capacity Addition 
Project (CAP).	 It will consist only of static inclined 
plate settlers with no centrifuges. Bitumen upgrad-
ing as In CAP, Is a combination of expanded bed 
hydrocracking (LC Fining) In conjunction with the ex -
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FIGURE 2 

SYNCRUDE AFTER COMPLETION OF THE CAPACITY ADDITION PROJECT 
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tsting coRers. Additional light gas oil and naphtha 
hydrotreating units process the additional volumes. 
The additional required hydrogen production is 
produced by steam-methane reforming of natural gas. 

Almost all of the energy for the new expansion ex-
traction plant comes from waste heat from the 
upgrading process. 

The basic design for the proposed expansion and an 
appropriation class estimate will be completed by the 
end of 1988. 

COLD LAKE DEVELOPMENT PROCESS AT LEMING PILOT 
OUTLINED 

The development of technology needed for Esso 
Resources Canada's Cold Lake Project was carried 
out mainly at the Leming Pilot, starting in 1975. A 
detailed history of the operations at Leming, and the 
lessons learned therefrom, was given by H. J. Gallant 
at the Fifth Annual Heavy Oil and Oil Sands Sym-
posium held at the University of Calgary In March. 

The Leming Pilot has investigated a number of 
potential recovery processes and their associated 
process variables.	 Cyclic Steam Stimulation (CSS)

continues to be the most favorable process In early 
cycles, but optimization of the process variables 
continues to be complex due to their interdepen-
dency. Experimentation Is ongoing to further op-
timize the CSS process, and to Investigate alterna-
tive or follow-up recovery processes. 

Gallant said that the major experimental objectives 
of the Leming pilot have been to (1) assess and 
demonstrate the economic viability of potential 
recovery processes, (2) maximize the economic 
recovery of bitumen In a good quality reservoir, and 
(3) develop operating strategies that are appropriate 
for future development and operations. The continu-
ing need to understand the complex physics as-
sociated with thermal recovery of bitumen has led 
to extensive field testing of recovery processes and 
theoretical concepts. Once a process Is judged 
technically effective, other important variables re-
quire investigation, such as spacing and configura-
tion; perforation interval; steaming sequence, rates, 
and volumes; production strategies; and process 
enhancements. 

The Leming pilot, over the last 12 years, has Inves-
tigated all of the above variables over limited 
ranges for the CSS process, and several of the 
above variables for the horizontal well/gravity 
drainage and steam displacement processes. 	 op-- 
timization of these variables Is complex due to their 
interdependency. The experimental strategy at 
Leming has been to compare recoveries and perfor-
mance between groups of wells or path with a com-
mon spacing and configuration. 	 The steaming and 
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operating strategy variables are then optimized 
within each well spacing and configuration group all 
of which need to be operated until a significant 
difference in performance Is observed. 

The Leming pilot is located In a good quality and 
high bitumen saturation sand. 	 A map of the well 
locations is shown in Figure 1. The Leming pilot 
originally consisted of eight pads (A to H) of seven 
wells per pad with a spacing of 2.9 hectares. The 
other pads shown in Figure 1 were each developed 
to test a specific configuration or operating proce-
dure. 

FIGURE I 
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Cyclic Steam Stimulation 

A number of the experimental efforts discussed by 
Gallant have been focused on advancing the cyclic 
steam stimulation process.	 The current commercial 
design and strategy is the culmination of years of 
experimental testing at the pilots, and operating 
strategies are still being experimented with. At 
present K, L, N, Q, 5, T, and U through DD pads 
are primarily dedicated to late cycle steam stimula-
tion with a focus on increasing recovery through im-
proved conformance. These path incorporate varia-
tions in spacing, aspect ratio, steam treatment sizes, 
steam strategies, steam rates, fracturing, and reser-
voir quality. Additional operating data will be re-
quired from these path to determine differences in 
recovery and performance and to advance them to a 
stage of commercialization. Experiments on steaming

rate at U, V, W and AA pads have been conducted, 
and will be continued in an effort to better under-
stand the effects of injection rate on both confor-
mance and calendar day oil rate. 

Interwell communication management is a significant 
challenge in operating under cyclic steam stimulation. 
Each aspect ratio and spacing configuration has 
resulted in the evolution of a specific operating 
strategy for that configuration. From the initial ap-
proach of random steaming, strategies have evolved 
to steaming sequentially along a row of wells, to 
staggered row steaming, then to sequential row 
steaming and finally to megarow steaming with vary-
ing amounts of overlap between adjacent steaming 
rows. However, recent performance of the ongoing 
experiments with closer spaced wells indicates an 
even greater need to understand the effects of 
steaming strategy variations. Alternatives of block 
steaming of an entire pad, high overlap row steam-
ing and column steaming are three strategies cur-
rently under investigation. 

Completion strategy is another area which has un-
dergone extensive experimentation in the Leming 
pilot area. Experiments include the effects of 
completion interval; single versus multiple comple-
tions; various methods of sand control; perforation 
density;	 cased versus open hole; 	 and hydraulic 
prefracturing. Experiments on completion interval in 
which varying level completions were compared 
showed little variation in early cycle performance 
provided the wells were perforated in clean sand. 
Multiple completions provided very little Improvement 
in performance due to the fact that almost all of 
the steam tenth to enter the upper most set of 
perforations. 

Experiments on perforation density to test the effect 
on inflow and sand control have been difficult to 
interpret. In order to determine the effect of per-
foration density a much larger sample size Is re-
quired due to the small magnitude of the expected 
Improvements and uncertainties In metering accuracy. 

Sand control is an area which has been evaluated 
extensively at Leming. The evolution has been from 
slotted liners, to keystone slotted liners and now to 
wire wrapped screens. Much of the work has 
focused around slot size and density, screen mesh 
size, and most recently on the optimal timing of 
liner removal.	 Completion intervals are also in-



fluenced by the various reservoir characteristics en-
countered. Completion strategy experiments at the 
pilots are ongoing with recent recompletions at AA 
and CC path to improve reservoir access, plus a 
number at N, T, and ES pads to attempt to control 
water from the McMurray. 

Stimulation aids have been another area of inves-
tigation at Leming. Injection of several surfactants 
with steam was carried out at K and BR pads with 
no noticeable increase in performance. Injection of 
gas at several A to H wells also yielded no marked 
Improvement in performance. However, solvent in-
jection at Al, Di and 114 was followed by an im-
provement in performance but solvent recovery Was 
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very low. Re-examination of these approaches on a 
larger number of wells is being investigated for the 
future. 

Continued analysis of experimental results at Leming 
has concluded that commercial operations should ex-
pect a more rapidly declining oil steam ratio, that 
pad life should extend to 12 years, and that thermal 
expansion, gas evolution and steam flashing are not 
sufficient to fully replace voldage. Consequently, 
additional steam and water handling capacity, com-
pared to previous long term expectations, is neces-
sary for late cycle operation. 

Considerable effort has been placed on understanding 
the process physics of CSS. Monitoring experiments 
at G, AA, DO, and EE path and the horizontal wells 
will continue so that results can be used to improve 
numerical simulations and analytical models. 

Numerous other tests at Leming have allowed cstab-
lishnient of improved operating procedures and in-
clude the effect of casing back-pressure on produc-
tion, measurement of flowbaek fluid rates, fluid sam-
pling, and flowdown tests (flowback fluids from one 
well are injected into a well awaiting steam). Ef-
forts will continue in the operation of experiments 
related to CSS at the Leming pilot. It is clear 
from past results that a sufficiently large population 
of wells must be available to draw statistically sig-
nificant conclusions In order to compare strategies 
for future development. 

Displacement 

The general area of recovery by displacement con-
tinues to be of considerable experimental Interest, as 
steam stimulation followed by schemes of this type 
are expected to lead to improved bitumen recovery 
but will most likely operate at lower oil steam 
ratios than expected in the past. 

Hot water displacement at J pad and steam displace-
ment experiments at A to H, L, M, and P pads were 
re-examined with the conclusion that these experi-
ments were generally initiated too early and at too 
high injection rates. Current efforts also indicate 
that the established communication paths in the pat-
tern design of a displacement process must be 
honored. Results at M and P pads were encourag-
ing, whereas results at A to H and L pads, indicated 
the highly variable nature of communication in this 
reservoir. It therefore appears that any type of 
uniform displacement process should be initiated on 
closer spacing in a sufficiently preheated reservoir 
(approximately 0.4 pore volumes of steam under CSS). 
For larger spacing it becomes necessary to exploit 
known communication channels with a non-regular 
steaming pattern. This concept is currently being 
tested with several well pairs at Leming, and plans 
are to continue with efforts to prove displacement 
W a follow-up process to CSS coincident with the 
addition of steam to compensate for lower oil steam 
ratios.

llcrlzcmtal Wells 

Current assessments of reservoir quality and the 
depletion mechanisms, Indicate that it is appropriate 
to pursue horizontal wells generally as a secondary 
or follow-up process. Inflow Improvement does oc-
cur with a long perforated welibore, which may 
provide some unique opportunities for its use as a 
primary process. Since HWP I already has a mature 
steam chamber development, Its performance will 
continue to be monitored to answer questions about 
the physics of the process. An experiment to per-
forate one of the observation wells to better quan-
tify the recovery mechanisms is currently being 
evaluated. This will help to answer questions about 
how best to operate this well. It will continue to 
operate cyclically in the near term. 

The HWP U will be used to test horizontal wells and 
gravity drainage as a secondary recovery process. 
This will be initiated by drilling a pad immediately 
over the horizontal well to deplete the area quickly 
so as to look at the long term feasibility of apply-
ing horizontal wells in depleted areas to significantly 
Increase recovery. 

Salt Water Disposal 

Salt water disposal at Leming began with wells 88 
and 89 which injected into the upper McMurray For-
mation. However, this water communicated back up 
into the Clearwater Formation and eventually caused 
water production from B pad. 

Subsequently, the Cambrian Formation was developed 
for further disposal capacity. Ongoing operating ex-
perience quickly demonstrated the need to operate 
below fracture pressure and reduce solids and oil 
concentrations. Also, on the basis of numerous 
tests, a new acid treatment procedure was developed 
for restoring injectivity. 

In summary, the Leming experimental pilot has 
evaluated a wide range of recovery schemes, as well 
as many variations in operating parameters and 
equipment configuration. Some of these included hot 
water and steam bank floods, chemical injection, 
horizontal wells, varying steam cycle sizes and rates, 
varying spacing and aspect ratios, and varying well 
casing designs and completions. Investigations will 
continue in the areas of reservoir fracturing, well 
spacing, the effects of reservoir pressure, optimum 
management of well-to-well communication, infiLl 
well operation and well casing impairment mechanics 
and prevention. 

ESSO PUTS DELAY ON COLD LAKE EXPANSION 

Esso Resources Canada Ltd. announced an indefinite 
delay on a $60 million drilling program for Stages 9 
and 10 of its Cold Lake project in Alberta. 
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Work will continue on drilling for Stages 7 and 8 
and on a steam plant for Stages 7 to 10. Esso 
plans to spend about $260 million at Cold Lake this 
year. 

Ease said volatile	 oil prices,	 a rising Canadian dollar, 
and concerns about	 cash flow flexibility	 are	 reasons 
for the delay.	 The company said	 drilling	 plans	 for 
the final two stages of the project could be revised 
again by early or mid-1989 if rising oil prices hold.

About 260 wells will be drilled in Stages 7 and B. 
Production will increase to 120,00 barrels per day 
from 95,000 barrels per day. Stages 9 and 10 call 
for 322 more wells. 

AGREEMENT REACHED FOR SUPPORT OF ill-PROVINCIAL 
UPGRADER 

The governments of Alberta, Saskatchewan and 
Canada, and Husky Oil Ltd. have reached an agree-
ment that will provide the basis for construction of 
the Lloydminster Si-Provincial Upgrader. All that 
remains Is for Husky OR to secure additional private 
sector equity participation in the project. 

The $1.27 billion Ui-Provincial Upgrader Project will 
convert 46,000 barrels per day of heavy crude from 
Alberta and Saskatchewan into a high quality syn-
thetic crude oil. The basic engineering has been 
completed which will allow construction of the 
project to proceed as soon as the additional private 
equity Is In place. 

Canadian Energy Minister Marcel Masse disclosed that 
Husky and the federal, Alberta, and Saskatchewan 
governments have agreed on a statement of prin-
ciples covering the project, scheduled to begin 
production by 199112. 

Husky President Art Price said the agreement is the 
basis for government lending and the basis under 
which Husky will approach other companies for par-
ticipation. The three governments decided on a 
$650 million aid package for the project.

Price declined to predict when construction will 
start. He said Husky will take the financing plan 
to other potential participants and "it is up to them 
to decide whether they will do their part." 

Dr. Webber, Alberta's energy minister, said "It Is a 
major policy of the Alberta government to encourage 
development of upgrading capacity here, near the 
resource." He added, "Proceeding with the Lloyd-
minster upgrader will add value to our heavy oil 
production and expand the next supply of light crude 
oil." Dr. Webber noted that this is important be-
cause production of light and medium crude oil is 
expected to decline, and relatively more heavy oil is 
being produced.	 Canadian oil refineries have only
limited ability to process heavy crude oil. 

The project will be of specific benefit to eastern 
Alberta especially to the heavy oil producing area 
ranging from Primrose and Cold Lake in the northern 
part of the province to the central Elk Point-
Lloydminster region. Recent announcements indicate 
that industry will invest almost $1 billion in this 
general area to develop upwards of 170,000 barrels 
per day of heavy oil production in the next two 
years. 

CS RESOURCES COMPLETES FIRST FOUR HORIZONTAL 
WELLS AT PELICAN LAKE 

CS Resources Ltd., Gulf Canada Resources and Lnsmo 
Canada (created by a merger between Onyx 
Petroleum Exploration Co. Ltd. and Lasmo Exploration 
Canada Ltd.) have begun a horizontal well project In 
the Pelican Lake area north of Edmonton, Alberta 
(see Pace Synthetic Fuels Report, March 1988, page 
3-1). CS Resources is a company specifically formed 
to promote horizontal well projects. 

The first four horizontal 'veils of a potential 10-well 
project were completed on Gulf Canada land in 
March.	 Additional wells are planned for later this 
year.	 The project is located adjacent to Gull's
Pelican Lake thermal stimulation project. 
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WRPORATIONS 

PANCANADIAN NOTES SYNCItUDE, OSLO RESULTS 

At Pan Canadian Petroleum Limited's Annual Meeting 
In Calgary, April 12, Bartlett B. Rombough, President 
and Chief Executive Officer, stated that PanCanadian 
had net income of 35.6 million dollars for the first 
quarter of 1988 as compared with 45.6 million dol-
lars for the first quarter of 1987. He noted that 
"the first quarter results are reflective of the busi-
ness environment we face in 1988. Oil pricing is 
the critical factor for our industry and production 
levels wilt, in large measure, determine price levels 
during the remainder of the year." 	 He ventured 
that West Texas Intermediate prices will remain 
volatile and will Likely stay in a range of U S$ 15 to 
US$18, per barrel throughout the year. 

PanCanadian has a four percent interest in Syncrude 
which "had an excellent year" and has a five per-
cent interest in the OSLO consortium which holds six 
bitumen leases in the same general area. One of 
the leases, Lease No. 31 at Kearl Lake, is con-
sidered to be an ideal candidate for a future syn-
thetic crude plant and negotiations are progressing 
between Alberta and Ottawa relating to this four 
billion dollar project which could bring the said syn-
thetic crude plant on stream as early as 1994. 

PanCanadian believes that it is now timely to plan 
this plant. It is located approximately 20 miles 
northeast of Syncrude and will be designed to 
produce approximately 75,000 barrels per day of 
premium quality synthetic crude, though the ore body 
will permit substantial expansion. 

In southern Alberta, the in situ combustion pilot 
project operated by Pan Canadian at Countess con-
tinues to operate successfully. 

In central Alberta, production from the Company's 
heavy oil project at North Bodo was expanded to 
880 barrels per day with the drilling of six wells. 
The possibility of an enhanced oil recovery scheme 
utilizing steam stimulation adds to the productivity 
potential of this project. 

Production from PanCanadian's heavy oil reserves at 
Elk Point approximated 1986 levels of 1,800 barrels 
of oil per day. Six wells were drilled in late 1987 
and resulting production increases will be realized in 
1988. Experimentation with steam stimulation, 
deviated wells and crude transportability by pipeline 
continued through 1987 and is expected to advance 
through 1988. Cost reductions and productivity 
gains, together with increased oil prices, contributed 
to this project's improved operating income in 1987.

AEC SAYS HEAVY OIL TO BE THE KEY TO CANADA'S 
ENERGY NEEDS 

Canada should place greater urgency on developing 
its own oil resources to avoid reliance on other 
oil-rich regions of the world in meeting its future 
needs, according to the President and Chief Execu-
tive Officer of Alberta Energy Company Ltd. 

Speaking at the Corporation's annual meeting in 
April, David E. Mitchell said significant progress 
would be made in meeting those future oil needs if 
at least three new developments were to proceed in 
the next two years. 

He called for an early start on the physical expan-
sion of the Syncrude oil sands plant, coincident with 
completion of the final studies associated with the 
design and cost estimates of a new oil sands plant 
in the area. He also said the time was ripe for 
the first commercial development project tapping in 
situ heavy oil resources on the Primrose Air Weapons 
Range in northeast Alberta. 

Mitchell stated that the role of Syncrude should not 
be overlooked. Last year almost $2 billion of oil 
was produced from mining-type heavy oil projects, 
and two-thirds of it was from Syncrude. Further-
more, Syncrude is uniquely positioned to proceed 
with a major expansion following the current 
Capacity Addition Project. Through the efforts of 
the Alberta Government and Syncrude's owners, there 
has already been $85 million invested in design and 
cost estimates for a $3.8 billion expansion at 
Syncrude. Assuming satisfactory fiscal and other ar-
rangements are in place, Syncrude could commit to 
expansion this year and physically proceed in 1989. 

"At the same time, development plans for a new 
plant should also proceed, because the Syncrude con-
struction force could accomplish much of its expan-
sion tasks while design and final cost estimates are 
completed for that new plant," said Mitchell. 

He told shareholders that AEC is well positioned to 
participate in the development of Alberta's in situ 
heavy oil production. This production is much less 
capital intensive, has shorter lead times and involves 
a much different process than Syncrude. It is a 
heavier type of oil that requires special upgrading 
or refinery treatment and has special needs in 
pipeline shipment. AEC Is currently involved in the 
development of two new technologies bearing on a 
better future for the development of this particular 
resource. 

One innovation is a highly improved method for 
producing oil at the northern end of the Primrose 
Range, changing a previously uneconomic resource 
into one that is potentially exploitable. The second 
program is the advancement of pipeline technology 
for the transmission of oil-water emulsions, which 
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recently completed highly satisfactory field tests. 
The oil-water emulsion may facilitate pipeline ship-
ments of in situ heavy oil without being dependent 
on diluent which Is expected to be in increasingly 
short supply.

Syncrude 

AEC owns a 10 percent joint venture interest in 
Syncrude, with an average seven percent overriding 
royalty on another 10 percent of project revenues. 

Mitchell told shareholders that AEC's diversified asset 
mix and multi-sourced revenue stream, combined with 
a strong financial position, enables the Corporation 
to take advantage of new investment opportunities in 
such areas as oil, natural gas, pipelines and forest 
products. 

In Situ Heavy Oil Smith 

In its Annual Report, AEC said delineation and 
production testing of heavy oil resources continued 
on the 2,000-square-mile Primrose Block (Figure 1). 
AEC has interests ranging from a 60 percent working 
interest to a combination 12.5 percent working in-
terest and 5.4 percent net profits interest. 

Drilling in the Caribou Lake and Foster Creek areas 
of the Primrose Block delineated an extension of the 
Clearwater heavy oil sands. These sands currently 
produce approximately 100,000 barrels per day in the 
Cold Lake area south of Primrose. AEC's share of 
Primrose heavy oil in place is estimated to be 
24 billion barrels of which about two percent, or 
500 million barrels, may ultimately be recovered 
depending upon oil prices, markets, fiscal terms and 
technological developments. 

Two major commercial heavy oil projects have been 
approved in the Burnt Lake area of Primrose for 
about one year. The oil price reduction of 1986 
resulted in deferral of these projects pending oil 
price strengthening and other ways of improving the 
economics. Detailed engineering work has resulted 
In reduced development and operating cost estimates. 
Commercial development is conditional upon satisfac-
tory government fiscal terms and the outlook for oil 
prices. 

A heavy oil pilot project at Burnt Lake in the 
southern part of Primrose has achieved production 
rates in the 3,000 barrels per day range from the 
Clearwater Formation. This pilot was shut in when 
oil prices fell in 1986. Pilot operations are 
scheduled to recommence with 24 new welts planned 
for 1988. The excellent production potential of the 
Clearwater Formation was further confirmed by two 
single-well steam tests at Caribou Lake in the 
central portion of the Primrose Block. Tests indi-
cate that production averaging 60 barrels per day 
will be realized from each of these wells. Planning 
is now under way to commence construction of a 
full-scale pilot project in 1988. 

The application of new completion and stimulation 
techniques in the Wabiskaw Formation at the Ipiatik 
pilot project proved to be very successful in 1987. 
As a result of this, AEC and its co-venturers will 
add four wells to the pilot in early 1988 in order 
to further test the commercial potential of the 
Wabiskaw Formation.

It supplied 10 percent of Canada's crude oil con-
sumption during 1987.- Oil shipments for 1987 were 
a record 50 million barrels or 137,000 barrels per 
day, a six percent increase over 1986. This is the 
third consecutive year that Syncrude has established 
records for annual synthetic crude oil shipments. 

The 1987 plant gate synthetic crude oil price 
averaged $23.60 per barrel, a 21 percent increase 
from 1986. This higher oil price, combined with 
record shipments and lower production costs, resulted 
in an increase of 136 percent in AEC's operating 
cash flow from oil sands. 

ABC was	 successful	 in	 restructuring its arrangements 
for	 the	 sale	 of Syncrude production. The synthetic 
crude oil	 was previously	 sold	 to	 a	 single	 refiner. 
AEC's marketing flexibility	 and	 market position	 have 
been improved significantly	 with	 the addition	 of
another major Canadian refiner. 

Syacrude's base plant unit operating cost dropping to 
C$14.60 (about Us$11.00) per barrel. This is the 
lowest in Syncrude's nine-year history and a 
$0.10 per barrel improvement over the average 1986 
base plant costs. 

The Syncrude Aggressive Capital Program, initiated in 
1983, Is nearing completion. 	 Construction of the 
final phase, the $680 million Capacity Addition 
Project (CAP), was 90 percent complete at year-end. 
These new facilities are expected to start up in 
August 1988, four months earlier than originally 
scheduled and $80 million under the initial estimated 
cost. Upon completion of this last phase, Syncrude's 
daily	 capacity	 will	 be	 increased	 a	 further
20,000 barrels to 157,000 barrels. 

At year-end, the two-year $85 million expansion en-
gineering study indicates that an additional 
82,000 barrels per day of capacity will cost ap-
proximately $3.8 billion ($1987) and would be capable 
of production commencing as early as 1993. Expan-
sion would create over 398,000 person-years of 
employment opportunities and reduce Canada's de-
pendence on Imported oil by more than 10 percent 
by the year 2000. Before proceeding with the ex-
pansion the Syncrude owners will consider a number 
of factors including the financing of the project, the 
availability of construction labor and materials, the 
outlook for the price of oil, and the fiscal terms 
that can be negotiated with the Alberta and federal 
governments. Syncrude also will have to review the 
provisions of an Alberta Energy Resources Conserva-
tion Board permit.	 A decision on this project may
be made in late 1988. 

AEC's share of Syncrude's proven reserves at year-
end 1987 was 115 million barrels of synthetic crude 
oil.	 At 1987 production rates this is sufficient for 
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PItiMliust UlR— HEAVY OIL ACTIVITY 

FIGURE 1 

PRIMROSE BLOCK--HEAVY OIL ACTIVITY 

• CnnvdiHemOlThu4ecthRaImthgStage 	 0	 6	 *2 
• Heay Oil Plot In Planning Stage 
• Rem Oil PIot 

Aseas Coning Heavy Oil Aawnolatu 

about 23 years of operation. AEC's share of proven 
but undeveloped reserves Is 70 million barrels. Once 
CAP Is operational In August 1988, the undeveloped 
reserves will be added to the reserve base. The 
combined proven reserve Is large enough to supply 
Syncrude to about the year 2020. In addition, suf-
ficient unproven reserves have been identified within 
the Syncrude leases to supply the proposed expansion 
project. 

Athena Oil Sands Pipeline 

Alberta Oil Sands Pipeline (AOSPL.), a wholly owned 
and operated system, Is a 270-mite pipeline deliver-
ing the oil production from the Syncrude plant at 
Fort MeMurray to the Edmonton area where it is 
distributed to local refineries and to other pipeline 
systems for export from Alberta. 

In response to record Syncrude production, the 
pipeline transported record throughput averaging 
136,500 barrels per day.

A $9 million project was completed to relocate a 
13-mile section of the AOSPL system near Syncrude 
to facilitate mine operations. 

Preliminary construction commenced to increase peak 
capacity to 226,000 barrels per day. This 
$19 million project will be completed In 1988 to ac-
commodate the Increased output from Syncrude's 
Capacity Addition Project. 

Cold Lake Heavy Oil Pipeline 

The Cold Lake Heavy Oil Pipeline transportation net-
work moves heavy oil blends from in situ heavy oil 
projects in the Cold Lake region to Edmonton. Daily 
system throughput averaged 121,500 barrels of 
blended heavy oil In 1987, compared with 
95,000 barrels In 1986. 

During the year a new pump station was constructed 
at Bellis. This facility utilizes state-of-the-art 
variable speed technology applied for the first time 
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on a crude oil pipeline system in North America. 
The pump station provided a system expansion of 
55,000 barrels per day to 185,000 barrels per day 
peak capacity and was completed at a cost of 
$6 million. 

Late in 1987, ARC Pipelines filed an application with 
the Alberta Energy Resources Conservation Board for 
a permit to expand the Cold Lake Heavy Oil Pipeline 
to a peak capacity of 215,000 barrels per day. This 
expansion Is in response to planned production in-
creases by the heavy oil producers in the Cold Lake 
region. 

SCEPTRE TO BEGIN STEAM INJECTION AT TANGLEPLAGS 
NORTH 

Sceptre Resources Ltd. operating for itself and Mur-
phy Oil Co. Ltd. placed its 1,378 foot horizontal 
wellbore at Tangleflags North on primary production 
in December 1987. The project Is located In the 
Lioydminster heavy oil region of Saskatchewan. 

Steam will be Injected through four vertical wells 
starting in June.	 Production Is expected to reach 
1,000 barrels per day by 1989. Depending on 
results, 13 additional horizontal wells may be drilled 
in the future on the 285-acre project area. 

NOVA MAINTAINS HUSKY HEAVY OIL INTERESTS 

NOVA Corporation of Alberta in late 1987 elected to 
exercise its option to increase its ownership of 
Husky Oil Ltd. to 42.5 percent from 24.4 percent 
held after completion of the Husky reorganization 
earlier in the year. Husky was reorganized as a 
private company governed by a shareholder agree-
ment, with ownership /control held equally by NOVA 
and a publicly traded Hong Kong company group led 
by Mr. Li Ka-shing. 

NOVA's petroleum activities are conducted by Husky 
Oil Ltd., 42.5 percent owned, and Novella Resources 
Ltd., 100 percent owned. 

Husky is an integrated Canadian oil and gas company 
engaged in exploration, development, production, 
refining, marketing and transportation of crude oil 
and natural gas. In addition, Husky continues to 
position for the future and now has quality exposure 
in the key Canadian industry segments of heavy oil, 
in situ oil sands, the Beaufort Sea, East Coast off-
shore and Alberta's Foothills deep gas area.

As part of Husky's evaluation of quality medium- and 
long-term prospects, heavy oil exploration in 1987 
centered on the Caribou Lake block about 120 mites 
north of Lloydminster, Alberta. This 238,000 acre 
block contains large deposits of bitumen and the 
property further Integrates and supplements Husky's 
extensive Lloydmlnster operations. Since the incep-
tion of the Caribou Lake exploration program, about 
300 miles of seismic have been shot and 31 wells 
have been drilled. Results to date are encouraging 
and support Husky's view that the lands have excel-
lent future production potential. 

In 1987, total gross production of crude oil and 
natural gas liquids averaged 41,700 barrels per day; 
light and medium crude oil and natural gas liquids 
averaged 13,600 barrels per day; and heavy oil 
production averaged 28,100 barrels per day. Natural 
gas sales averaged 61.2 million cubic feet per day. 

NOVA states that it continues to pursue quality in-
vestments which include conventional oil and gas ex-
ploration and development, and further evaluation of 
quality long-term petroleum prospects. 

Husky has successfully adjusted to the fundamental 
changes In the operating environment and will con-
tinue to pursue and capitalize on short- and 
medium-term Investments while furthering efforts to 
position itself for long-term opportunities. 

TEXACO CANADA NOTES HEAVY OIL AND BITUMEN 
PROJECTS 

Texaco Canada's 1987 Annual Report notes that in 
the heavy-oil area of Saskatchewan around Lloyd-
minster, the company drilled five exploratory wells 
in 1987, resulting in three oil wells and two dry 
holes. Texaco Canada's interest ranges from 35 to 
100 percent. 

At Lone Rock, Saskatchewan, Texaco Canada operates 
a pilot project for the recovery of heavy oil 
through steam injection. The pilot continues to 
demonstrate encouraging technical potential and 
production during 1987 averaged 80 cubic meters of 
oil per day. If expansion to a commercial scale can 
be justified, current estimates of Texaco Canada's 
potential recoverable reserves at Lone Rock are 
2.5 million cubic meters. 

For the next three years, Texaco Canada and a 
number of other participants will share with the Al-
berta Oil Sands Technology and Research Authority 
the costs of the underground test facility near Fort 
McMurray, Alberta. The program will test the 
recovery from horizontal wells drilled into oil sands 
from a tunnel at the base of a shaft. 
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HP CANADA'S WOLF LAKE OUTPUT DECLINES IN 1987 

HP Canada Inc. says in its Annual Report that BP's 
share of bitumen production at Wolf Lake declined 
by seven percent to 534 cubic meters per day due 
to high production temperatures restricting processing 
at the central plant. 

Total bitumen production at Wolf Lake (in which HP, 
the operator, has a 50 percent interest) was 
1,068 cubic meters per day in 1987. 

Although the steam-generation facilities were suc-
cessfully expanded, high fluid temperatures limited 
production rates due to temperature restrictions at 
the plant inlet. The installation of additional heat 
exchangers and production coolers during 1988 should 
enable production to reach 1,300 cubic meters per 
day by the last quarter. 

Two new well path were brought into production in 
late 1987, one of which is producing from a dif-
ferent formation--the Lower Grand Rapids. 

To	 sustain	 production at	 Wolf Lake	 1,	 three	 new 
well pads will be completed in 1988.	 One	 of	 these 
will	 test the	 bitumen potential of	 the	 undeveloped 
northeast corner of the lease.

The decision to proceed with Wolf Lake 2 was taken 
in June. This expansion will add 2,400 cubic meters 
per day to production. 

An additional 248 wells will be drilled from 14 path. 
Six new steam generators and additional production-
treating facilities will be located along side the ex-
isting plant, which will improve the efficiency of 
operations and minimize the environmental impact. 
A water recycling plant for the combined operation 
will reduce water requirements substantially. 

At 1987 year-end the expansion was 10 percent 
complete, with 37 wells drilled, the main contracts 
awarded, major equipment orders placed and road 
construction complete. The project is on schedule 
and commissioning will commence in mid-1989. 

The third oxygen injection cycle was started at the 
In situ combustion pilot project to provide additional 
reservoir and facility-performance data. A United 
States patent for the process has been obtained. 

An economic and technical study to evaluate the ap-
plication of combustion on a commercial scale Is un-
derway. Initial results are very encouraging. 

The front-end engineering-design work to convert a 
Wolf Lake well pad to combustion has been com-
pleted and oxygen injection is expected to commence 
in late 1988. if this is successful, combustion on a 
commercial scale could be implemented in the early 
1990's, which could be expected to double bitumen 
recovery from the lease. 

A partnership has been established to test the 
TRANSOM water-oil emulsion technology. Developed 
by HP in the United Kingdom, TRANSOM eliminates

the need for a diluent, such as natural gas conden-
sate, for the shipment of bitumen by pipeline. With 
BP Canada as operator, successful field tests were 
conducted during the summer. A winter trial was 
conducted in early 1988. 

Strong emphasis continues to be placed on the 
development of new technology, including the ex-
amination of techniques to recover bitumen from BP's 
Athabasca oil sands deposits, which are too deep to 
mine but too shallow for cyclic steam recovery. 

WESTMIN RELIES ON HEAVY OIL 

Westinin Resources Limited's 1987 Annual Report 
notes that the general Lindbergh heavy oil area of 
east-central Alberta remains an important source of 
Westmin's crude oil production, accounting for ap-
proximately 60 percent of the 1987 total. 

Production averaged 4,936 barrels per day versus the 
previous year's record 5,138 barrels per day. This 
was primarily due to the continuing effects of the 
1986 slump in oil prices. 

The Company's current objective is to respond to im-
proved prices and to compensate for that period of 
postponed capital expenditures and shut-in wells. 

With the success of infill drilling programs on sec-
tions 13 and 15-55-6 W4M, Westmin plans to dupli-
cate the process on section 15-56-6 W4M. The 
$9 million budget calls for the directional drilling of 
30 wells from central path, using one pad to drill 
10-12 wells per section. 

These wells are comparatively shallow and therefore 
relatively inexpensive to drill. Furthermore, the risk 
factor is minimal, since the drilling Is to be done 
within a delineated pool. Payback will start early, 
with drilling to be completed during the summer and 
production, of about 40 barrels per day per well, 
commencing in the last quarter of 1988. 

Westmin currently has about 350 wells capable of 
production in the general Lindbergh area (Figure 1). 

A major factor in maintaining and expanding the 
Company's production at Lindbergh is the steady 
development of expertise in tertiary recovery tech-
nology. In 1988, approximately $2 million will be 
spent on thermal stimulation on 29 projects, com-
pared to only seven the previous year. 

Incremental oil recovery of approximately one million 
barrels is forecast during the initial one year period 
of this still modest program. 

Typically, primary production can recover three-to-
six percent of the oil-in-place at Lindbergh. 
However, Westmin has continued to develop ex-
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FIGURE 1 

WESTMIN INTERESTS IN LINDBERGH AREA 
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perience In tertiary oil recovery techniques, based 
on steam injection which can increase recoveries to 
15-30 percent or more. The two processes being 
developed by Westmin are steam stimulation and 
steamflood. 

With 34 of a total of 75 We.stmin sections In the 
general Lindbergh area overlaying an estimated 
1.4 billion barrels of oil in-place, the Company 
remains In an excellent position to continue develop-
ing this major resource for years to come. 

Furthermore, this Is mineral title acreage which Is 
not subject to royalty or rental payments to the 
Crown or other third parties.

SHELL CANADA MARKS PLANS FOR PEACE RIVER 
EXPANSION 

Shell Canada Limited's 1987 Annual Report to 
Shareholders notes that Shell completed the first full 
year of production from its expanded Peace River oil 
sands operation in northern Alberta. Since start-up 
of the first-phase expansion In the fourth quarter of 
1986, daily production rates have increased and were 
ahead of targets by year-end 1987. Sustained 
production at the design capacity of 1,600 cubic 
meters a day should be achieved by the end of 
1988. 

The corporation received regulatory approval In early 
1988 for a second-phase expansion that would in-
volve an Investment of about $570 million by Shell 
and a partner. Final process design for this expan-
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sion of 6 0400 cubic meters daily will be completed 
In 1988. Preliminary road building, construction of 
initial drilling pads and field work will also be un-
der way, permitting a project commitment by early 
1989, subject to satisfactory economics at the time. 

NORCEN PLANS HEAVY OIL AND OIL SANDS EFFORTS 

Noreen Energy Resources Limited says that it con-
tinues to invest in heavy oil development.	 At 
Hayter,	 an infill drilling program increased the
Company's productive potential by 170 barrels per 
day. At Bodo, the steam stimulation pilot project 
entered its third "huff and puff" injection and 
production cycle and continued to show good produc-
tion performance.

The company is proceeding with an oil sands pilot 
project at Hilda Lake, near Cold Lake, Alberta. The 
proposed project will test a steam stimulation 
process on Norcen's Oil Sands Lease #80 and will in-
volve the drilling of twelve injection/production wells 
and three observation wells. It is expected that 
construction will begin in 1988, and that the pilot 
may be operational by 1989. 

Heavy oil production in 1987 was down slightly to 
3,456 barrels per day, while natural gas liquids 
production was up four percent to 6,447 barrels per 
day. Norcen's royalty share of production at the 
Suncor oil sands plant was down 20 percent to 
2,698 barrels per day in 1987. This decline was the 
result of the fire in October 1987, which resulted in 
a complete shutdown of the plant. 
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GOVERNMENT 

DOE BUDGETS INCREASE FOR FOR BUT AXES TAR 
SANDS EFFORTS 

The United States Department of Energy's Fossil 
Energy budget request for fiscal year 1989 (beginning 
October 1, 1988) includes an increase in the area of 
enhanced oil recovery, but proposes total elimination 
of the tar sands effort. The Administration's budget 
request is compared to actual budgets for the last 
two years in Table 1. 

Heavy Oil 

Under "heavy oil," $1.5 million is requested to con-
tinue basic research in mobility control mechanisms 
of steamflood additives; to define the mechanisms by 
which foam increases oil recovery and develop 
analytical and numerical models; and to develop 
relative permeability and capillary pressure date. 

Also included is $0.5 million to continue cooperative 
research with Venezuela on petroleum characteriza-
tion and recovery studies and to expand technical 
and analytical assessments related to geoscience and 
reservoir characterization. 

Approximately $2.0 million Is requested to continue a 
geoscience characterization program, 	 research in 
novel extraction approaches to presently un-
recoverable heavy oil resources, and fundamental 
studies of reservoir characteristics and injection fluid 
Interactions.

Light Oil 

Under "light oil" a total of $4.2 million is requested 
(compared to $3.6 million in 1988) to continue a 
broad based program of research in light oil 
recovery techniques for reservoir description and 
conduct related planning, technical and analytical as-
sessments. 

Continuation of a geoscience effort and reservoir 
characterization and related fundamental studies ad-
dressing definition of reservoir structure and com-
position	 is	 given	 $3.7	 million	 compared	 to
$2.5 million in 1988. 

Approximately $1.1 million is again requested to con-
tinue microbiological studies and explore the 
feasibility of other novel methods of extraction of 
residual oil resources. 

An increase up to $1.8 million is requested to con-
tinue a research program that utilizes CO 2 and other 
gas recovery methods in a variety of situations, and 
to study and Identify displacement mechanisms requi-
site to efficient, effective and predictable applica-
tion of these techniques. 

Finally,	 $2.2 million is requested to continue 
industry/state	 cooperative	 work	 to	 rapidly
demonstrate lab scale enhanced oil recovery concepts 
in mature fields.	 This includes developing retrofit
technology to reduce stripper well costs. 

TABLE 1 

DOE fltHANCflI OIL EflDVERT BUDGET REQUEST 
(Dollars In Millions)

% Change 
From 

Funding Activites FY 1987 FY 1988 FY 1989 FY 1988 

Heavy Oil $2.4 $3.7 $4.0 +8.1% 
Light Oil 7.2 9.9 13.0 31.3% 
Tar Sands 1.6 2.0 0.0 -100.0% 
Pilot Venture Program 0.0 1.0 0.0 -100.0% 

Total Enhanced Oil 
Recovery $11.2 $16.6 $17.0 +2.4%
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ENERGY POLICY AND FORECASTS 

MORE PIPWJNE CAPACITY NEEDS) FOR CANADIAN 
HEAVY OIL AND BITUMEN 

A report by the Canadian Energy Research Institute 
(CERI) says that significant levels of Western 
Canadian heavy oil and bitumen will be left in the 
ground over the next 20 years if markets continue 
to grow and additional pipeline capacity for exports 
Is not constructed. The study, as reported by the 
Daily Oil Bulletin, was commissioned by Trans Moun-
tain Pipeline Company, Ltd. (TMPL) for its National 
Energy Board (NEB) facilities hearing. It found that 
large amounts of heavy oil and bitumen will be shut 
in from igoo to 2010 even with TMPL's proposed ex-
pansion. 

The proposed expansion in Stage 1 will provide addi-
tional capacity of 3,000 cubic meters per day while 
Stage 2 will provide 3,000 cubic meters of capacity 
per day for either MTBE and methanol or crude oil. 

The CERI study used three models to project future 
shut-in levels: a base case, which assumed TMPI1s 
capacity would remain at current levels until 2010; 
a Stage 1 case, which assumed the first phase of 
the expansion would be complete by 1990; and a 
Stage • 2 case, which assumed both phase 1 and 2 
would be complete by 1990. 

In	 all	 three	 cases,	 the study	 found that	 significant 
amounts of	 heavy crude and bitumen would be shut 
in	 over the	 entire	 forecast	 horizon. While TMPL 
capacity additions will ease some of the burden,the 
level	 of shut	 in heavy crude/bitumen	 will	 still	 in-
crease over the forecast period.

The study estimates that 10,500 cubic meters per 
thy of Western Canadian heavy oil and bitumen will 
be shut-In by 1990 if TMPL's expansion is not ap-
proved, increasing to 21,000 cubic meters per thy in 
1995, 29,600 cubic meters per day in 200, 
39,900 cubic meters per thy in 2005 and 
52,400 cubic meters per day by 2010. 

Expanding the TMPL system to carry larger volumes 
of heavy crude oil should introduce a degree of 
marketing flexibility that currently Is not available 
to Canadian producers. This Is because the present 
system does not provide an outlet for significant 
volumes of heavy crude oil/bitumen to markets out-
side of the traditional Chicago and Minneapolis/St. 
Paul refining centers. 

TMPL transported 1,700 cubic meters per day of 
bitumen blend in 1987 to various markets including 
the Pacific Basin, United States West Coast and 
United States Gulf Coast. However, CEll] estimates 
a minimum market demand in these areas of at least 
16,000 cubic meters per day, well above the 
6,000 cubic meters per thy of heavy oil exports 
used in TMPL's expansion plans.

While the study says that mar markets are unlikely 
to develop on the United States West Coast because 
of supplies of Alaskan and offshore California crude, 
there will be opportunities for short-term sales. 

Shipments to refineries in the United States Gulf 
Coast are also a possibility. 

If adequate transportation Is put in place, producers 
will have an incentive to increase exports since net-
backs from heavy crude exports to the Pacific Basin 
would be competitive with those via Interprovincial 
Pipe Line Limited to refineries in Wood River, Il-
linois. 

Both Cold Lake and Lloydminster blend exports to 
the Pacific Basin could result in netbacks of more 
than US$18 per barrel if West Texas Intermediate 
sells for $22 in 1990. Those netbacks are based on 
an estimated market value for the two blends of 
$21.93 and $22.10, respectively, in 1990. 

In addition to growing heavy all and bitumen ex-
ports, the study also forecasts Increased exports of 
Canadian methyl tertiary butyl ether (MTBE). 
Canadian shipments will likely be viewed as a more 
reliable supply source than imports from some of the 
countries proposing plants. Canadian MTBE should be 
attractive to California refiners if it is competitively 
priced.	 Again, pipeline transportation to tidewater
will help make the Alberta supplies competitive. 

CANADA'S PETROLEUM SUPPLY AND DEMAND BOTH 
RISE IN 1987 

According to Canadian Enerdata Ltd., Canadian crude 
oil output for 1987 was 1,620.8 thousand barrels per 
thy, up nearly five percent from 1,565.4 thousand 
barrels per day in 1986. Production of heavy crude 
oil jumped nearly 13 percent to 449.1 thousand bar-
rels per day while production of light/medium oil 
rose 2.2 percent to 956.4 thousand barrels per thy. 
Synthetic crude oil output fell over two percent to 
average 179.5 thousand barrels per thy for the year. 
For 1988, crude oil production is expected to in-
crease a further 3.5 percent to 1,677.5 thousand 
barrels per day, based on an increase of three per-
cent in oil exports and a 4.5 percent decline In im-
ports. 

On average during 1987, shut-in oil productive 
capacity dropped nearly 60 percent to 50.4 thousand 
barrels per thy from 124.4 thousand barrels per thy 
In 1986. As such, total crude oil productive 
capacity for 1987 dropped slightly (1.1 percent) to 
1,671.2 thousand barrels per day. 
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Domestic demand for light oil dropped 0.9 percent to 
905.8 thousand barrels per day in 1987 while demand 
for heavy all Jumped 20 percent to 115.8 thousand 
barrels per day. Exports were up 5.6 percent to 
619.7 thousand barrels per thy from 587.1 thousand 
barrels per day In 1986. Light oil exports increased 
5.9 percent to 274.1 thousand barrels per thy while 
heavy oil exports were up 10 percent to 
345.6 thousand barrels per thy. Total oil exports 
are forecast to increase three percent in 1988 to 
638.3 thousand barrels per thy. 

Total petroleum product demand in Canada rose 
3.1 percent In 1987 to 1,385.9 thousand barrels per 
day, the first annual increase since 1979 (Figure 1). 
Demand Increased in line with economic output and 
appears to be maintaining a more or less upward 
trend that began back in the fourth quarter of 
1985. The upswing in petroleum demand roughly 
coincides with the drop In crude oil prices early In 
1986. Furthermore, petroleum product demand would 
have been higher had it not been for abnormally 
warm temperatures in eastern and central Canada. 
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Demand for motor gasoline and diesel fuel rose 
1.1 percent and 5.5 percent respectively after having 
remained relatively stable for the past two years. 
Heavy fuel oil sales increased 11 percent in 1987. 
Light fuel oil sales dropped nearly 10 percent for 
the year. Total product demand is forecast to In-
crease 1.7 percent in 1988. Increased competition 
from natural gas, in spite of a decline in crude oil 
feedstock prices, accounts for the modest rise.

SHORTAGE OF DILUENT PREDICTED FOR IIEAYT OIL 
TRANSPORT IN CANADA 

Production of conventional light crude oil In Western 
Canada is forecasted to decline over the remainder 
of this century. On the other hand, the known 
reserve base of heavy crude oil and bitumen in Al-
berta and Saskatchewan is very large. 

Heavy crude oil and bitumen is too viscous to be 
transported by pipeline in its natural state. Tradi-
tionally, two alternatives have been used to solve 
this problem in Western Canada. Bitumen produced 
by mining operations Syncrude and Suncor) has 
been upgraded to make n synthetic crude oil which 
can be pumped through pipelines. Bitumen and 
heavy crude oil produced by in situ and conventional 
methods have been mixed with lighter hydrocarbons 
to reduce the viscosity to a level such that pipelin-
ing is possible. The preferred diluent has been pen-
tanes plus, a byproduct derived from natural gas 
production as natural gas condensate. 

The production of bitumen/heavy oil is expected to 
increase quite rapidly while the production of pen-
tanes plus is expected to decrease. Upgrading, on 
the other hand, requires large capital investments 
with long lead times, and the economics have not 
encouraged development of upgrading capacity. 

This problem was discussed by W. Haessel of CERI 
Energy Research Ltd. at the conference titled "Heavy 
Oil--Who Needs It and How Will They Get It?", 
which was sponsored by the Canadian Heavy Oil As-
sociation in Calgary In December. According to 
Haessel, conventional supplies of diluent (i.e., pen-
tanes plus) are expected to decrease at an avenge 
rate of three percent per annum from 1987 to the 
end of the century; declining from 17.5 thousand 
cubic meters per day to 11.7 thousand cubic meters 
per day (see Table 1). The decline is primarily due 
to the declining recovery rates from , natural gas 
production. However, development of Shell's Caroline 
discovery will add some volumes to the condensate 
supply in the early 1990's that are not included in 
the forecast. 

The supply of pentanes available as diluent Is less 
than total production. The Shell refinery at Bowden 
requires pentanes plus as a feedstock, and this 
demand Is given first priority in pentanes plus dis-
position. Some pentanes plus production is "lost" in 
crude production as the relatively small volumes 
cannot be economically separated out. In addition, 
pentanes plus is used as a buffer for some natural 
gas liquid streams transported to Eastern Canada. 
Finally, production from Shell's Waterton gas plant 
used to be shipped to Montana. Since July 4, 1987, 
pipeline reversals have made the approximately 
1,000 cubic meters per day available for use as 
diluent. As a consequence, the total of these com-
ponents of "fixed demand" is estimated to decline to 
about 3,000 cubic meters per day. 

Demand for pentanes plus for diluent purposes is ex-
pected to increase over time due to increasing 
bitumen production. 	 Although there will be suffi-
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TABLE 1 

PflMNES PLUS SUPPLY AND DAM) IN
WESTERN CANADA RW 1987-000
Thousand Cubic Meters Per Day 

Total Fixed Diluent Surplus/ 
Year Supply Demand Demnda Shortfall 

1987 17.5 3.5 12.4 1.7 
1988 18.2 3.0 15.3 0.0 
1989 18.9 3.0 16.2 (0.3) 
1990 18.7 3.0 20.6 (4.9) 
1991 18.0 3.0 23.6 (8.6) 
1992 17.3 3.0 24.6 (10.3) 
1993 16.8 3.0 26.3 (12.5) 
1994 16.0 3.0 27.6 (14.6) 
1995 15.2 3.0 28.5 (16.3) 
1996 14.4 3.0 29.2 (17.8) 
1997 13.3 3.0 29.9 (19.6) 
1998 12.5 3.0 30.7 (21.1) 
1999 11.7 3.0 31.4 (22.6) 
2000 11.7 3.0 32.1 (23.4)

aExciudes recycled diluent 

dent supply this year and next, increasing shortages 
can be expected in 1989 and beyond. Thus, in or-
der to continue to move Western Canadian heavy 
crude oil and bitumen to market, alternatives to 
condensate as a diluent must be developed. 

Alternative Hydrocarbon Diluents 

Haessel presented a number of alternatives which 
could supplement Western Canadian natural gas con-
densate as a diluent. 

Diluent Recycle/Import--One possibility is to remove 
the diluent from the blend at the receiving refinery 
and return the diluent, either by rail or, if the 
volumes are large enough, to build a pipeline to 
return the diluent. 

Pentanes plus can be railed from the Chicago or 
Minneapolis area to Edmonton for about $8.00 per 
barrel. Since each barrel of bitumen requires about 
0.43 barrels of condensate to make it pipelineable, 
diluent return in this manner would add over 
$3.40 per barrel to the transportation costs. 

However, refiners planning to utilize large volumes 
of Canadian heavy crude bitumen blend have been 
investing in capacity to process the condensate Into 
unleaded gasoline. If this condensate is suddenly 
removed from the slate, the refiner will be left 
with spare capacity in some units. 

Refinery Naphtha--Another possibility is to manufac-
ture a diluent, and refinery naphtha is frequently 
proposed as such a diluent. The Energy Resources 
Conservation Board estimates that about 9,000 cubic

meters per day of naphtha could be manufactured 
using spare capacity in the Edmonton refineries in 
the early 1990's. 

Light/Synthetic Crude OU--Light and/or synthetic 
crude oil can also be used as a diluent. However, 
much larger volumes of the materials have to be 
mixed with each barrel of heavy crude or bitumen 
to achieve the same viscosity reductions as achieved 
by using condensate. The forecast production of 
bitumen and heavy crude is so large that If light 
and synthetic crude are the only diluents used to 
supplement pentanes plus, much of the forecast 
production of light and synthetic crude will be re-
quired as diluent. 

Pumping High Viscosity Material 

The interprovincial and Trans Mountain pipelines cur-
rently limit	 material	 carried to	 not	 exceed
250 centlstokes. Trans Mountain has applied to the 
National Energy Board for permission to add facilities 
that will increase the limit to 350 centlstokes to 
allow shipment of higher viscosity material. This 
will reduce the amount of diluent that will be re-
quired. 

Oil-In-Water Ernuisicxm 

An oil/water emulsion could be shipped by pipeline 
and could potentially be used as a refinery 
feedstock or directly as a boiler fuel. If it Is used 
as a refinery feedstock, the emulsion has to be 
broken and the water removed and disposed of by 
the refiner. Both of these problems will require in-
vestments in special handling facilities. 
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traditional approach. Consequently, the cost of 
transporting high viscosity material will increase 
relative to the cost of transporting light crude or 
other low viscosity material. 

If the emulsion Is burned as a boiler fuel, the 
bitumen's high sulfur content causes flue gas desul-
furization to become a serious problem. 

Several other problems arise with respect to water 
emulsions. First, the emulsion will freeze. Second, 	 As the amount of heavy crude on the market in-
It Is not clear how much contamination will occur if	 creases relative to refiners' heavy crude capacity, 
the emulsion Is batched with other material in a 	 the differential between light and heavy crude oil 
pipeline.	 will widen and encourage such investment. 

Heated Pipelines 

Heating the oil will also reduce the viscosity of 
heavy crude/bitumen to levels that will permit 
pipeline transportation. Conversion of existing lines 
to hot oil lines creates a number of problems, and 
does not appear to be a attractive solution to the 
diluent shortage problem.

HEAVY OR. SURPLUS SEEN FOR CANADA 
Upgrading 

Upgrading has also been suggested as a possible 
solution to the diluent shortage problem. Many dif-
ferent technologies are available, each having certain 
advantages and disadvantages. 

Full upgrading requires large investments with a lead 
time of several years. Although there has been a 
lot of discussion about building additional upgraders 
for some time, the economic and fiscal environments 
have not resulted in any commitments to date. 

Refining to Produce Refined Products In Western 
Canada 

The final option Is the possibility of refining heavy 
crude/bitumen all the way to refined products in 
Western Canada, especially in refineries located in 
the Edmonton area. This would solve the problem of 
transporting the highly viscous material over long 
distances. 

The major drawback with this proposal is that the 
Edmonton refineries are currently not equipped to 
process heavy crude oil and would have to invest In 
additional facilities requiring substantial sums of 
money. The current differential between light and 
heavy crude oil prices is too narrow to encourage 
this kind of investment today, just as it does not 
encourage investment in stand alone upgraders. 

Summary 

Canadian heavy crude oil and bitumen are too vis-
cous to move through pipelines in their normal state. 
Traditionally these crudes have been blended with 
pentanes plus to reduce their viscosity to levels 
suitable for pipeline shipment. However, the volume 
of heavy crudes and bitumen and the required 
diluent is expected to exceed the available supply of 
condensate. 

Haessel points out that each alternative has certain 
advantages and disadvantages, but they all have one 
thing In common--each of the proposed solutions will 
cost more money and involve more risk than the

AU signs point to a gradually, increasing glut of 
heavy oil in Western Canada in the early 1990's, ac-
cording to T. Manning of Purvin & Gertz, speaking 
at the Canadian Heavy Oil Association's Conference 
on "Heavy Oil--Who Needs It and How Will They Get 
It?" 

A key factor, says Manning, Is Increasing production 
of vacuum residue (Figure 1), in the - face of declin-
ing demand (Figure 2). He concludes that Canadian 
heavy crude will be In surplus by 1992 (Figure 3). 
This will result because crude oil prices will con-
tinue to support heavy oil production. At the same 
time, Canada faces stiff competition from Mexico, 
Venezuela and Saudi Arabia for heavy oil markets. 
Therefore a sufficient differential will develop be-
tween prices for light oil and heavy crude to justify 
heavy oil conversion projects in the 1990's. 

FIGURE 1

WORLD VACUUM RESIDUE
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ECONOMICS 

TACIUK PROCESS SHOWS ECONOMIC ADVANTAGE FOR 
OIL SANDS 

The Taciuk Processor is a single, horizontal, rotating 
vessel which processes oil sands in a direct thermal 
process and produces a partially upgraded oil (see 
Figure 1). It was developed by UMATAC Industrial 
Processes, a Division of UMA Engineering Ltd., in 
cooperation with the Alberta Oil Sands Technology 
and Research Authority (AOSTRA). The quality of 
the product oil is similar to fluid coker distillate. 
The main feature of the Taciuk Processor is its 
ability to recover more products from a wide range 
of oil sands ore when compared to existing commer-
cial technologies. The spent sand produced is clean 
and environmentally acceptable for disposal as land 
fill or returned to the mine pit. 

To date, about 12,000 tons of oil sands have been 
successfuUy processed at the five ton per hour 
Taciuk Processor pilot plant in Calgary.

According to information presented at the Fifty An-
nual Heavy Oil and Oil Sands Symposium, held In 
March at the University of Calgary, the economics 
of the process are quite favorable in comparison to 
existing approaches. 

Comparison of Product Tielt 

One of the key features of the Taciuk Processor Is 
its ability to process a wide range of grades of 
feed oil sands and still recover a high percentage of 
the bitumen in the feed. Figure 2 illustrates that 
the Taciuk Processor can: 

- Recover product oil from bitumen at a higher 
level of efficiency than the corresponding 
hot water extraction process in combination 
with coking processes. 

- Recover product oil from bitumen in low 
grade oil sands almost as efficiently as from 
high grade ore. 

FIGURE 1
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FIGURE 2 
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The above features result in significant savings in 
processing costs because of its workability over a 
wide range of ore quality. 

Economic Comparison 

The Taciuk Process System can be compared to the 
currently used hot water extraction process in com-
bination with coking processes from the point of 
view of equipment configuration, invested capital and 
unit operating costs. Tables 1 and 2 provide a 
relative economic comparison of the Taciuk Process 
System with the hot water extraction plus Flexicok-
Ing for small and large size plants. This comparison 
was based upon plant capital and operating cost es-
timates with an accuracy of plus or minus 
25 percent, and hence should be considered from a 
relativity view point. Nonetheless, the economic ad-
vantage of the Taciuk Process System seems evident. 

Unit Capital and Operating Costs 

Based upon several site-specific designs and cost es-
timates, Figures 3 and 4 illustrate the unit capital 
cost of installed capacity and unit operating costs. 
(AU values are in Canadian dollars.) 

TABLE 1 

E(fl4PdiC COMPARISON - SMALL PLANT - TACiUK 
VERSUS in? WATER PLUS FI.EXiIIC 

Annual Feed Rate - 22 Million Tons (11.6% Bitumen) 

	

Taciuk	 H.W. + Flcxicoking 

Synthetic Crude Production (BPCD)	 33,689	 30,025 
Capital Cost ($MW)	 1,122	 1,246 
Capital Cost/Daily Barrel ($)	 33,326	 41,475 
Operating C2st (s/Barrel) 	 13.75	 14.00 
DCF BOB (%)	 32.5	 24.2 
*
Excluding income taxes and royalties 

TABLE 2 

fl&WC COMPARISON - LA E PLANT - TACIUK 
VERSUS 11ff WATER PLUS flflIQZIIC 

Annual Feed Rate - 78 Million Tons (11.6% BitunEn) 

	

Tacluk	 H.W. + Flexicoking 

Synthetic Crude Production (BPCD) 	 119,414 
Capital Cost	 3,641 
Capital Cost/Daily Barrel (5)	 30,489 
Operating Cast (s/Barrel) 	 10.72 
DCF BOB (%)	 36.60 
*
Excluding income taxes and royalties

106,418 
3,706 

34,794 
10.90 
31.40 
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FIGURE 4 

UNIT OPERATING COSTS FOR
TACIUK PROCESS 
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Development Stages 

The Tacluk Process System lends itself to staged 
capacity addition. 	 Assuming a truck and shovel 
small mine operation, a Taciuk Process System 
producing 3,000 barrels per day, 5,000 barrels per 
day or 7,000 barrels per day could be the capacity 
range of potential demonstration plants. These plant 
capacities can be accommodated by one Tacluk 
Processor. However an oil sands lease developer 
may want to consider starting at a particular size 
and then eventually adding additional trains of larger 
size Processors. 

A typical schedule for engineering, procurement, con-
struction and operation of a demonstration plant is 
estimated to be on the order of four years. 

According to its developers, the Taciuk Processor 
technology is sufficiently proven by numerous suc-
cessful pilot runs indicating its process performance,

operating reliability, and mechanical integrity. The 
next stage is to build and operate a demonstration 
size plant. 

SOLY-EX SAYS Oil. SANDS CAN BE ECONOMIC 

When addressing the Council on Alternate Fuels Con-
ference '88 in Napa, California in April, John S. 
Rendall, chairman of Solv-Ex, noted that oil sands 
and oil shale as a source of transportation fuels has 
been part of the American dream - but its promising 
future has always been just that - a promising fu-
ture. The major scene of oil sands activity now is 
in the Athabasca region of Canada. Here the 
entrepreneurial spirit of Mr. Pugh got an industry 
started without the government help many have now 
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come to expect. However, once the industry started 
and the social and economic benefits were flowing 
Into government coffers, then the electorate prodded 
governments into action to assist the industry when 
needed. 

Randall says that in America we cannot expect a 
start at the same scale as the Great Canadian Oil 
Sands effort in Athabasca, but we can define what 
kind of start is practical. The reality is that: 

- The United States has no energy policy and 
will not help the synfuels industry now. 

- The United States tax system does not favor 
capital intensive industries. 

- OPEC will keep prices in a range whereby 
synfuels are not a threat to conventional oil. 

Based on this reality, Solv-Ex believes that any 
facility must be able to live with $20 per barrel 
oil. Cash operating costs must be no greater than 
discovery costs of conventional oil which is currently 
$12 per barrel. 

To meet these economic standards, Solv-Ex suggests 
that the first facility for commercial demonstration 
should have: 

- A capital cost of between $200 - 
$250 million for an output of 10,000 barrels 
per thy. 

- A construction period of around two years 
once the final designs are in hand. 

- A start up period to full production of 
around two years by using standard commer-
cial equipment, thus eliminating the scaleup 
risk. 

Once these standards are accepted as achievable, 
then various financing scenarios for the 90's can be 
examined to find the most suitable for industry and 
government fiscal requirements. Once the plant is 
in operation, and given the volatility of the price of 
oil, it should be possible to capitalize on any peri-
odic price hikes.	 Solv-Ex strategies have been
developed to the stage where they now state that 
these standards are achievable. 	 Furthermore, tech-



nology continues to evolve in answering many of the 
complex problems of chemical,	 mechanical, and 
metallurgical engineering. Possibilities of further 
reductions in the cost per barrel of syncrude are 
being found. 

ALBERTA CHAMBER OF RESOURCES COMPARES 
ALTERNATIVES FOR BiTUMEN UPGRADING 

The Alberta Chamber of Resources (ACR) Oil Sands 
Task Force has prepared an analysis of the different

options available for new bitumen upgrading facilities 
in Alberta. Establishment of upgrading capability In 
Alberta would provide an alternate market for 
bitumen and heavy oil. Currently, heavy oil 
producers supply asphalt plants and a limited number 
of refineries in the United States and Canada that 
can accept heavy feedstock. This market, however, 
has the following shortcomings: 

- The market Is finite. Alberta has the poten-
tial to produce much more bitumen and 
heavy all than this market can absorb. 

- For pipeline transportation of heavy crude oil 
to the market, this feedstock must be mixed 
with 15 to 45 percent diluent. This diluent 
Is normally condensate from natural gas, a 
commodity that is forecast to be in short 
supply in the near future. 

- By exporting heavy oil or bitumen, Canada 
loses both the added value and technologies 
that go with upgrading to synthetic crude 
oil. It also exports potential jobs. 

Processing Alternatives 

Currently, two oil sands operations which produce 
bitumen through surface mining and -extraction steps, 
also process the produced bitumen to a high quality 
synthetic crude oil at the points of production. 
These operations are known as the integrated oil 
sands plants which are fully equipped with upgrading 
process units and do not depend on external 
facilities for upgrading. There are no upgraders at 
the sites of in situ operations which produce 
bitumen or heavy crude oil. 

Generally, the integrated oil sands projects are mega 
projects and require large sums of initial capital in-
vestment. In addition, the projects combine complex 
processes of mining,	 extraction,	 upgrading and 
utilities.	 This, in turn, necessitates large and com-



plex organizations combining a variety of skills and 
different cultures. Disruptions In any part of the 
plant may influence the performance of the total 
plant. 

The strengths and weaknesses of the integrated plant 
configuration are fairly well known by the Industry. 
OR sands and heavy oil development through the in- 
tegrated plant projects is still a viable option. 
However, there are other alternatives to the in 
tegrated plant configuration that could be beneficial 
to the industry. These various approaches Include: 

- Regional or central upgraders 

- Upgrading capacity additions to the in-
tegrated plants 

- Upgrader Integration with refineries 

- Partial upgrading by field upgraders and 
centralized hydrotreating 
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Regional or Central Upgradeis 

This particular configuration has been proposed by 
the ACR Oil Sands Task Force including a number of 
satellite producers to supply bitumen or heavy crude 
to the upgrader. The advantages and Issues as-
sociated with this approach have been publicized in 
a number of position papers published by the Task 
Force. 

Suncor's announced Intention to provide an upgrading 
capacity for 10,000 barrels per day of oft-lease 
bitumen supports the Task Force's view that the ex-
isting integrated plants are viable options for 
upgrading capacity additions In larger dimensions. 

Further capacity addition would most optimally be 
developed by installing "hydrogen addition" process 
units prior to the existing cokers. While this ap-
proach is expensive, it has many pluses: 

- High incremental yield in the rang of
105 percent - 110 percent of bitumen feed. 

- Identical or reduced 502 emissions. 

- Better quality intermediates and a better 
overall synthetic crude oil quality. 

- Improved reliability for the overall complex 
due to added parallel unit configuration. 

- More reliable hydrogen production and sulfur 
recovery due to added parallel units. 

- The greater the number of intermediate 
hydrotreaters, the better in optimizing the 
product quality. 

- Better use of support facilities and existing 
technical personnel. 

There are also some concerns associated with this 
approach, for example, higher ash in coker feed and 
more sensitivity to variances in bitumen quality. 

tlpgrader Integration With Refineries 

There are merits to constructing a bitumen upgrader 
which is Integrated into an existing refinery, rather 
than building a stand-alone plant. ACR's analysis 
shows a potential for capital cost savings, through 
maximum use of existing capacity, and infrastructure. 
The primary upgrader will cost the same, but may 
use an existing fractionator. Secondary upgrading 
(hydrotreating and hydrogen plant) may be partially 
done in the existing plant, modified to enhance and 
expand capacity and performance. However, the 
cracked products are much tougher to treat than 
virgin stocks, and extensive new hydrotreating equip-
ment will be needed. Services, (i.e. steam, air, 
water, power, piperacks, waste handling), can be in-
crementally expanded as required, with some savings 
compared to grassroots costs.

Bottom of the barrel disposal (pitches) would be 
needed, but an existing coker may handle this 
problem. The coker would be the key bottleneck in 
the new configuration, unless existing crudes are 
backed out. 

Oftsite systems (tankage, pipeline, waste treatment) 
present opportunities for extensive use of existing 
facilities, with some capacity increases. 

The ACR notes that a primary upgrading process 
which gasifies the bottom of the barrel would prob-
ably be attractive, with the potential for heat in-
tegration into the base operation. This in turn 
could lead to reduced steam plant costs. 

On the negative side, the owner of an existing 
refinery may not welcome other ownership on-site. 
Given that the upgradcr is aimed at providing a 
service to producers, the new plant is likely to in-
volve a joint venture, the same as for a standalone 
plant. The presence of joint venture owners on-site 
adversely impacts the refinery operator's autonomy 
and creates real management headaches. 

Partial Upgrading by Field Upgraden and Centralized 
Ilydrotreating 

Bitumen and very heavy crudes normally require heat 
for production in the form of steam; and a diluent 
for pipeline transportation, in the form of conden-
sate from natural gas. In view of these require-
ments for production and transportation, the option 
of Ppartial upgrading" at the satellite facilities in 
the field plus "hydrotreating" at a central facility 
looks attractive. As coke or equivalent product 
must be rejected even in hydrogen addition 
processes, this "bottom of the barrel" product could 
be used as an energy source in the field for steam 
generation.	 Thus, through partial upgrading, the
production and transportation requirements could be 
fulfilled: partial upgrading would reduce the vis-
cosity and provide low cost energy for steam gener-
ation. 

The process to be chosen for partial upgrading 
should have the following attributes: 

- It should be simple and have good operability 
characteristics for use In a remote location 
and difficult environment. 

- It should give a high yield of liquids, ideally 
leave no residual such as pitch or coke. 

- The ability to be extensively modularized, 
and transported to the site for minimal field 
erection. 

- Capital cost and operating cost should be 
low, as these costs are to be set against 
the current costs of dilution. 

The ACR Oil Sands Task Force believes there are 
two or three processes that mostly satisfy the above 
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criteria. Some of these processes are commercially 
Proven In some other countries on other feedstocks. 

However, there Is no commercial application In Al-
berta that utilizes any one of these technologies. 
Therefore, a large scale process demonstration by 
using Alberta heavy crude and bitumen would be es-
sential prior to commercial applications in Alberta. 

The Part ially upgraded crude from any primary 
upgrading process still requires further hydroprocess-
ing, to reduce contaminants (nitrogen, sulfur, certain 
unsaturated hydrocarbons), before a "finished" syn-
thetic crude is achieved. 

This raises the prospect of a "Central Hydrotreating 
Facility," analagous to the Regional Upgrader con-
cept, which could gather partially upgraded crudes 
from various in situ production sites. Each upgrader 
at the wellhead area would, in turn, have gathered 
crude from several wells. A plant capacity of 
5,000 barrels per thy is probably the smallest 
economic size for these units. There is no par-
ticular upper limit, but inodularization savings will 
rapidly dwindle above 20,000 barrels per day. 

The main advantages of this concept are: 

- The elimination of use of diluent for 
transport by pipeline. 

- The costs of primary upgrading are spread 
between multiple relatively small-scale plants, 
which	 are closely integrated with	 the 
production facilities and steam systems. 

- The product will be worth at least as much 
to a refiner as bitumen blend.

- The capital cost of the central hydrotreating 
facility w ill be substantially reduced, through 
the absence of a primary upgrader. 

- If the process produces recoverable heat, 
then there is a credit for useful steam 
Production which is reinjected to the well. 

Conclusions 

The ACR concludes that sustained development of 
heavy crude and bitumen is contingent upon the 
availability of upgrading capacity in Alberta. 

There are several alternate ways for processing to 
occur. One well recognized approach i.e., Integrated 
Processing together with bitumen production facilities 
has been implemented at two commercial oil sands 
plants. The other approaches include: 1) Regional 
or Centralized Upgraders, 2) Upgrading Capacity Ad-
ditions to the Integrated Plants, 3) Upgrader Integra-
tions with Refineries, and 4) Partial Upgrading by 
Field Upgraders and Centralized hydrotreating. 

The first three alternatives are technically feasible. 
The capacity addition alternative at the existing oil 
sands plants seems to offer the greatest synergism 
for capital and operating cost savings. All three 
alternatives however, will require cooperation, coor-
dination and mutual agreements between the bitumen 
producers and processors. 

The fourth option of partial upgrading and central 
hydrotreating offers uniquely attractive features. 
This option too, will require cooperation and coor-
dination between the producers and processors. 
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TECHNOLOGY 

SLANT DRILLING PREFERRED FOR LINDBERGH HEAVY 
OIL DEVELOPMENT 

Heavy oil thermal projects require close well spacing 
to obtain high recoveries. Development of various 
recovery schemes can be accomplished using three 
drilling and completion techniques; straight, direc-
tional or slant wells. Straight hole drilling has been 
the standard in the past for many of the recovery 
schemes In Western Canada. Recently, directional 
and slant well drilling from pads have become widely 
accepted to minimize surface land disturbance. 

Dome Petroleum Limited has drilled and operated 
each well type in the process of constructing and 
operating five different thermal recovery projects in 
the heavy oil deposits of the Lindbergh Sector near 
Lloydminster, Alberta (Figure 1). They gave a com-
parison of the three drilling methods at the China-
Canada Heavy Oil Technology Symposium held in Zhuo 
thou, China last fall. The drilling method, slant, 
directional or straight, used for each project is 
primarily dependent on the well spacing required and 
whether agricultural use of the land Is necessary 
during the life of the project. This is important in 
the Lindbergh area as agriculture is the major in-
dustry,

The Dome projects will use air, oxygen or steam 
displacement as the final recovery method alter ini-
tial formation heating by cyclic steaming. The 
majority of the projects have 10 acre spacing, ex-
cept for seventeen wells on Section 18-55-5W4M 
spaced at three acres to investigate oxygen 
fireflooding. 

The directional well development consists of 64 wells 
drilled from four full pads and four half pads. Well 
angles range from 00 to 51.2 0 in the production 
zone with a build angle of 3 0/30 meters. Twenty-
four wells have bottom hole angles of 51 0 , twenty-
eight wells have bottom hole angles of 38° and the 
remainder are drilled vertically. 

The slant well development consists of four pads of 
sixteen wells each located in the center of each 
quarter section. Well spud angles are 33 0 for 
16 wells, 25 0 for 32 wells and 11 0 for 16 wells. 

Each development has a bitumen and produced water 
treatment facility along with a steam generation 
plant located in the center of the section. The 
pads include manifold buildings, oil and water test 
equipment and vent gas control equipment. Roads 
and pipelines connect the wells, pads and central 
facilities. 

The major items which contribute to the capital 
costs for each well type are: 

- Surface facilities 
- Surface land use 
- Drilling and completion costs 
- Intangibles 

Surface Facilities 

Table 1 breaks down the surface facility capital 
costs for sectional development with straight, slant 
and direction holes. Total facility costs for straight 
wells was $9.04 million, $7.70 million for directional 
wells and $7.20 million for slant wells. 

Pipelines for straight wells cost $4.60 million be-
cause of the longer lines needed to connect each 
well. With pad development, lines need only be 
connected to the main pad and not to each well. 
Earthwork is also more extensive for straight well 
development. 

Surface Land Usage 

Table 2 breaks down the surface land usage for 
slant, directional or straight wells. Total land use 
is highest for straight wells requiring 75.5 acres for 
roads and weilsites. Slant wells and directional 
wells are similar, requiring 42.4 and 53.9 acres 
respectively. Battery site usage was not taken into 
consideration as this is the same for all schemes. 
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TABLE 1 

LIMBERGH DEVELOPMENT SQIE SURFACE FACILITY COSTS
(Million Dollars) 

Slant	 Directional	 Straight 

Pipelines 1.500 2.150 4.650 
Pad Facilities 4.900 4.300 2.100 
Lease/Earthwork 0.550 0.750 1.600 
Electrical 0.250 0.500 0.700 

Total	 ($141) 7.200 7.700 9.050 

TABLE 2 

LINDBERM DEYELOPMfliT SUIIE LAND USAGE
(Acres) 

Slant Directional Straight 

Roads 13.8 19.6 47.5 
Pads/Wellsite 28.6 34.3 128.0 

Total 42.2 53.9 175.5 

Straight wells need over 120 acres more land than 
slant or directional wells. This represents an annual 
incremental land leasing cost of approximately 
$100,000 per year for straight wells. 

Drilling and Completion Costs 

Dome's first slant wells were drilled in Primrose and 
the 10 wells were spudded at angles ranging from 
22.5 0 to 35 0 . The rig used to drill these wells had 
only drilled three wells previously and encountered 
many equipment and start-up problems. Costs to 
drill the wells averaged $92 per foot. 

At	 Lindbergh, Dome began	 its slant	 hole	 drilling 
operations	 in July	 1985. A	 total of	 15 wells were 
drilled at an average rig release to rig release time 
of	 3.47	 days.

The average well cost was	 $78 per 
foot.

A breakdown of the drilling costs is shown in 
Table 3 for the straight, slant and directional wells. 

Presently Dome is investigating the use of cross-
drilling strategy in the Lindbergh area. In the 
present operations, wells drilled on the west half of 
the pad are drilled outwards or to the west half of 
the quarter section and similarly for the east half. 
With a cross drill strategy, wells spudded on the 
west half of the pad have a bottom hole location 
on the east half of the section. The land and sur-

face facility cost would be reduced by approximately 
$500,000 per section. This savings was not con-
sidered in the evaluation since it Is in the develop-
ment stage. 

Completion costs for the slant and directional pads 
are similar. Table 3 outlines the costs for all three 
schemes. Straight wells are the least expensive due 
to shorter well lengths resulting in less rods and 
tubing and no rod centralizers or special rod boxes. 

Operating Expenses 

Operating expenses for each type of section develop-
ment are determined from operating experience with 
respect to: 

- Servicing 
- Rod and tubing wear 
- heat loss 
- Surface equipment 

The variables which affect the operating cost due to 
well related servicing are the hourly cost of the 
rig, the servicing frequency required and the total 
hours involved. On the 10 acre spacing there ap-
pears to be no discernible difference between the 
different well types. Due to the more complicated 
nature of the rig required for slant well servicing, 
the hourly cost is higher. The difference expected 
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In the hourly charge over the long term is expected 
to be 10 percent. 

The wells do not have enough history to provide 
data on differential operating cost due to rod/tubing 
wear. Dome expects the slant wells to fail between 
the straight and directional wells in wear problems 
and Is estimated at 50 percent of the difference. 

Summary 

Table 4 summarizes the costs associated with slant, 
directional and straight well development for the 
Lindbergh area. The total capital cost for4 all three 
developments Is similar averaging $22.8 million. The 
slant well development Is the least expensive at 
$22.65 million while the straight well development Is

the most expensive at $22.84 million. 	 Incremental
operating costs are $115 thousand per year more for 
slant and direction wells over straight. The dif-
ference in these costs Is Insignificant when compared 
to the total cost of a section development in the 
Lindbergh area. 

Land use requirements overrode other considerations 
and led to slant well development. 

The above analysis was carried out specifically for 
the Lindbergh area. Dome states that different 
operating parameters, such as zone depth, zone 
thickness, well spacing and surface land use, will 
change the relative operating and capital costs at 
other locations. 

TABLE 3

LIPCBEWE DEYn.OFM(F SfltIE DRILLING COSTS 

Slant	 Directional	 Straight 

Avg. Length (m) 663 659 600 
Avg. Cost ($/m) 195 190 181 
Total Drilling Costs ($M1) 8.27 8.01 6.95 
Completion Costs ($MI) 7.18 7.15 6.84 

Total Drill & Complete 15.45 15.16 13.79 

TABLE 4

LIMTh1QI DEVELOPMfltT SEndE EXW&*1IC SIM4ARY 

Slant Directional Straight 

Capital Costs 
Surface Facilities	 (tW'!) 7.20 7.70 9.05 
Drill & Cooplete ($Ml) 15.45 15.16 13.79 

Total	 ($P&1) 22.65 22.86 22.84 
Yearly Costs 

Land ($k/yr) 32 40 132 
Incremental Operating ($k/yr) 215 205 0 

Total	 ($k/yr) 247 245 132
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STIMULATION CONTINUES TO DRAW 	 meter and an operating cost of $45.00 per cubic INTEREST	
meter, figures that are somewhat less than those 
obtained by ROSTRA. 

The in situ electromagnetic heating of heavy oil 
reservoirs continues to attract technical investigators 
and field experimenters. An article on the Electric 
Preheat Process developed at the University of Al-
berta appeared In the Pace Synthetic Fuels Report, 
December, 1987, page 3-31. 

A summary of various field experiments appeared in 
the AOSTRA Journal of Research, Winter, 1988, and 
tests under way by Electromagnetic Oil Recovery 
Ltd. were discussed at the Fifth Annual Heavy Oil 
and Oil Sands Symposium held at the University of 
Calgary in March 1988. 

Electric Preheat-Steam Drive Process 

A proposed electrothermal process that appears to 
offer promise for in situ recovery of bitumen from 
the moist oil sands of the Athabasca region Is 
known as the electric preheat-steam-drive (EPSO) 
Process. It involves completing an array of vertical 
wells into the formation, some of which act solely 
as electrodes while the remainder are completed for 
dual service as either electrode/steam-injectors or as 
electrode/producers. The electrodes are excited at 
line power frequency and the formation acts as a 
resistive heating element between the wells. After 
a period of time that can vary from several weeks 
to many months the viscosity of the bitumen along 
channels between injector and producer wells will be 
reduced to the point where oil can be displaced by 
injection of steam (or by sequential injection of hot 
water and steam). The location and extent of these 
heated channels conform to the regions of greatest 
electrical power dissipation which, in turn, can be 
pre-specified by proper selection of the electrode 
configuration.	 The driving fluid introduces substan-



tial additional thermal energy to further heat the oil 
sand deposit. Electrical energy is thus used to 
supply only a fraction of the thermal energy re-
quirement for the recovery process. 

The Alberta Oil Sands Technology and Research 
Authority (AOSTRA) undertook a complete economic 
analysis of the EPSD configuration, 	 producing 
2,500 cubic meters per day of raw bitumen.	 The 
average	 electrical	 power	 was	 approximately
70 megawatts, with a peak requirement of nearly 
double this amount during the early part of the 
preheat.	 Well costs ranged from $200,000 per well 
for straight electrode wells to $309,000 per injection 
'veil. The capital costs per cubic meter of 
recovered bitumen amounted to $44.83 while the 
operating costs were $63.77 per cubic meter. After 
this study was completed an alternative well con-
figuration was developed that potentially decreases 
the well costs by nearly a factor of four and the 
supply price to less than $ 85 per cubic meter 

Petrotech Systems Inc. also estimated the supply 
costs for producing bitumen with an electric preheat 
steam drive process, based on a plant capacity of 
250 cubic meters per day. The results discounted at 
20 percent gave a capital cost of $32.46 per cubic

The PCEJ Electric Preheat Pilot 

A version of the electric preheat-steam drive 
process originally proposed by Atlantic Richfield was 
tested on a small scale on a 150 acre site near 
Stoney Mountain south of Fort McMurray, Alberta by 
the PCEJ group. The electric preheat phase 
operated from approximately April 1981 to April 
1982, with the steam drive operation completed in 
May 1983. The pilot consisted of four 
electrode /producer wells on approximately 30 meter 
spacing. 

After about six months of heating, temperatures in 
the near electrode region were found to exceed the 
In situ steam temperatures and formation water was 
flashed to steam. In some eases the flashing was 
severe enough to temporarily halt pilot operation 
while the electrodes were cooled by injecting an 
electrolyte solution. Periodic electrolyte injection 
apparently enabled electrical contact with the for-
mation to be maintained and heating was possible 
with a better than 80 percent stream factor. 

Figure 1 illustrates the evolution of temperature for 
the first five months of operation as indicated by 
measurements made in observation well 0-7. A 
heated channel in which temperatures exceeded 650C 
was established by the electric preheat. 

FIGURE 1 
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Although no data have been released with respect to 
the steam drive phase of the pilot operation, it has 
been stated that bitumen recovery was disappointing 
due to geological factors in the reservoir. 

The Electrothermic Process 

The Electrothermic Co. of Corpus Christi, Texas, has 
developed an electrothermal process, operating at 
line power frequency, termed the "Electrothermic 
process". Although use of the process with a 
multi-electrode array has been envisaged, it has 
been used in a single well configuration in most 
cases. The system Is depicted schematically in 
Figure 2, which shows an open-hole completion 
wherein current is returned to the surface via the 
overburden. Current flows through the steel produc-
tion tubing to an electrode formed by packing steel 
shot into a specially under-reamed section at the 
bottom of the well. The production tubing is 
electrically insulated with a concentric string of 
fiberglass pipe. Production and heating occur simul-
taneously. 

Typical results are given in Table 1. 

Eddy Current Heating 

The use of eddy currents induced by a coil excitor 
was suggested as early as 1929 for processing mined 
hydrocarbons. More recently eddy currents have 
been advocated by F. T. Fisher's Sons Ltd. of 
Montreal, in a series of proposals dating back to

FIGURE 2 
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TABLE 1 

ELECTYflIIC PROCESS FIELD RESULTS 

Production 
Electrical	 Original	 After Elect-

Paver	 Production rical Heating 
Location kW Bbl/d Bbl/d 

Southwest 150 0 76 
Texas 12 - 6-10 

Eastern 60 4 50 
Utah 

Mexico - 6 283 max. 
65 avg. 

South Central 56-100 20 80 
Oklahoma

1976. They envisage a network of shafts and tun-
nels throughout the formation, into, which is placed 
copper-clad steel piping bedded In crushed gravel 
saturated with brine. These conductive pipe strings 
are interconnected to form a coil surrounding a 
large portion of the deposit. When excited at 
60 Hz, the magnetic field produced by the coil Is 
presumed to induce eddy currents that circulate In 
closed loops within the deposit, heating the forma-
tion in much the same way as metals and semicon-
ductors are routinely heated in induction furnaces. 

However, studies by Vermeulen and Chute have indi-
cated that eddy current heating will be negligible 
for the single loop, double loop and toroidal loop 
configurations suggested by F. T. Fishers Sons Ltd. 
Only a series connected spaced loop configuration 
(Figure 3) provides substantial heating of the bulk of 
the material enclosed by the system of conductors. 
While such heating could be effective, the high cost 
of the extensive tunnel and shaft access required to 
Implement the scheme must be considered. 

Electromagnetic Flooding 

Electromagnetic flooding proposed by FlePherson, 
refers to an electrothermal process based on 
horizontal wells drilled several hundred meters into 
the oil sand formation. The wells are arranged in 
pairs consisting of one well completed near the base 
of the oil-bearing zone with a second well placed 
directly above the parallel to the first. These wells 
could be placed into the formation from the surface 
using directional drilling techniques or from an un-
derground mine as suggested in Figure 4. Each pair 
of wells is excited at one end by a high frequency 
power source connected between the upper and 
lower wells, so that electromagnetic energy will be 
propagated along the well pairs. The operating fre-
quency and well spacings depend upon the electrical 
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FIGURE 3 

SERIES CONNECTED LOOPS 
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ARE MOST INTENSELY HEATED 

properties	 of	 the deposit and are expected to range 
from about	 100	 kFIz to	 several	 megahertz. Power 
levels of	 about 100-200	 kilowatts	 per well-pair 
would typically be required.

Laboratory tests on bench-sized physical models have 
demonstrated that when the spacing between upper 
and lower wells Is comparable to the spacing be-
tween well-pairs, the entire formation region be-
tween wells can be uniformly raised to near the 
steam temperature without evaporating more than a 
few percent of the total moisture in the formation. 
Numerical simulations of such an electromagnetic 
flood indicate that production per well-pair can 
reach values of about 70 barrels per day within six 
months in a typical Athabasca deposit. The average 
non-discounted cost of the electrical energy con-
sumed over a ten year period typically amounts to 
about $15.33 per cubic meter. This figure is higher 
than the value of $8.60 per cubic meter obtained 
for the EPSD process, reflecting the generally higher 
temperatures to which the oil sand is heated in this 
ease. 

Electromagnetic Oil Recovery Ltd. 

EOR Ltd. and its United States affiliated companies 
since 1983 have been sponsoring research and 
development activities on an electromagnetic ap-
proach to thermal well stimulation with III Research 
Institute (IITRI), of Chicago Illinois. IITRI is the 
holder of the basic patents on the Electromagnetic 
Well Stimulation Process.

Several successful field tests have been run in the 
United States, Canada, and Brazil. One version of 
the process has been tested in two heavy oil 'veils 
in Canada where additional commercial-scale opera-
tions are being planned. Canada Northwest Energy 
Is the partner of EOR and operator of these wells. 
Canada Northwest Energy is planning additional in-
stallations at other locations in both Alberta and 
Saskatchewan. 

Figure 5 Is a schematic representation of the 
Electromagnetic Oil Well Stimulation Process, it is a 
thermal stimulation process applicable to reservoirs 
In which the oil is mobile at reservoir conditions 
and in which sufficient pressure exists to push the 
reservoir fluids to the well. The most effective 
circumstances for the utilization of the process are 
in heavy oil reservoirs where the well productivity 
is restricted by the high viscosity of the oil at 
reservoir temperature and in light oil reservoirs 
where wax deposition occurs because of cooling of 
the oil during production. 
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FIGURE 5 
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The process uses production casing and tubing which 
act as an antenna powered from the surface. 
Electromagnetic fields are induced in the zones near 
the weilbore by the action of the antenna, and 
heating of the reservoir fluids occurs through a 
combination of ohmic and dielectric mechanisms. 
Low frequencies favor the ohmic heating mechanism, 
and high frequencies favor the dielectric.

The object of the process is to heat a modest but 
significant zone around the wellbore. Deeper 
penetration of the electromagnetic energy radially 
into the reservoir tends to increase the stimulation 
effect of the process, but also reduces its efficiency 
by increasing the surface area of the heated zone 
and consequently the conductive heat losses in the 
vertical direction to the overburden and underburden. 
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The first well in Canada utilizing this electromag-
netic process was drilled and completed In January 
1986 to produce from the Lloydminster Sand in the 
Wildmere Field of Alberta. 

The sand is typically unconsolidated and high in per-
meability, but Is generally too thin to allow the 
economical application of steam Injection or other 
older thermal stimulation technologies. 	 The initial 
reservoir temperature is about 80 0 F. A simulated 
temperature profile plot at a radial distance of 
10 feet shows the temperature at this point to be 
just over 100°F even though the temperature within 
the weilbore Itself is 250 0 F. An Increase in oil 
temperature from 80 0 F to 100°F In this well reduces 
the oil viscosity by a factor of three. 

The reservoir pressure for this field is 770 psi. In 
the unstimulated case the pressure at a radial dis-
tance of 10 feet Is about 370 psi, which means that 
roughly half of the reservoir pressure available is 
needed to push the reservoir fluids through the last 
10 feet of reservoir next to the well. On the 
other hand, with electromagnetic stimulation, the 
pressure drop in this zone next to the well has 
been almost eliminated. 

The first test well matched the computer simulation 
closely with primary production of about six barrels 
per day after 60 days. After the application of 
power to the well, a production rate of about 
20 barrels per day on a sustained basis was ex-
perienced.	 The power costs for this well are less 
than $1 per barrel of oil recovered. 

Capital cost for the installation of the process is 
also quite low: on the order of $80,000. 

Canada Northwest Energy Limited and EOR drilled, 
completed, and stimulated a second well on the 
Wildrnere property which was put on primary produc-
tion in March 1987. Stable primary production of 
10 barrels per day were achieved with this well. 
Stimulation operations were begun in May, and sus-
tained production in excess of 30 barrels per day 
has since been demonstrated, according to EOR. 

BOREHOLE MINING TOOL FOR TAR SANDS PATENTED 

United States Patent 4,718,728, issued January 12, 
1988 to E. L. Hodges, discloses an improved 
hydraulic mining tool apparatus for recovering 
minerals such as tar sands from subterranean forma-
tions. Cutting Jet nozzles designed to hydraulically 
dislodge mineral particles from the formation are 
positioned to generate a hydraulic couple self-
rotational force upon the mining tool and thereby 
reduce overall input power requirements for the ap-
paratus.

Basically, the operation of such a hydraulic mining 
tool is characterized by the use of a high velocity 
liquid stream which Is discharged directly into the 
subterranean mineral formations to dislodge minerals 
from their surrounding mineral bed. The freed 
minerals form a slurry with the discharged liquid 
stream which may be pumped by various means, up-
ward to ground surface and subsequently processed 
by surface separation equipment. As the slurry is 
removed from the formation, a mining cavity or void 
is formed in the mineral bed which may extend to 
fifty to a hundred feet in diameter throughout the 
height of the mineral bed. The use of such 
hydraulic mining is well suited for many mineral for-
mations such as tar sands, which typically are lo-
cated at depths sufficiently below ground surface to 
prohibit strip mining recovery techniques while suffi-
ciently close to ground surface to prohibit conven-
tional mineral mining operations. 

A constant cause of concern with hydraulic mining 
has been the occurrence of a compaction or cave-in 
situation within the formation whereby the surround-
ing mineral bed catastrophically falls in and around 
the drill string of the mining tool during operation. 
When such a situation occurs, the force exerted 
upon the mining tool generates an extremely large 
torsional drag upon the mining tool. Large 
mechanisms have been necessary for continuous rota-
tion of the mining tool and have utilized high tor-
sional strength connections along the length of the 
mining tool and drill string to insure against a 
twist-off of the mining tool. 

In addition, the prior art hydraulic mining tools have 
typically utilized only a single hydraulic cutting Jet 
nozzle to direct the hydraulic Jet flow radially out-
ward Into the formation. In such mining tools, the 
reactionary force generated by the discharge of the 
high velocity fluid has the potential to cause axial 
deflection of the tool and drill string during opera-
tion. 

The new invention alleviates the above deficiencies 
by providing hydraulic cutting Jets which are posi-
tioned to generate a hydraulic couple self-rotational 
force on the tool which additionally reduces the 
bending forces applied to the mining tool. 

The invention additionally discloses the use of a 
tri-cone cutting bit assembly which is mounted on 
the bottom of the apparatus to provide a rock 
crushing and force-feeding effect of mined material 
into the mining tool during the mining operation. 

Figure	 1 Is a perspective view of the hydraulic min-
ing	 tool apparatus	 within a borehole extending from 
ground surface	 through overburden and	 into	 a 
mineral bed.

Figure 2 is an enlarged perspective view of the ap-
paratus illustrating the relative position of the mul-
tiple cutting jets, slurry inlets, and tn-cone cutting 
bit assembly. 
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Figure 3 is an enlarged cross sectional view il-
lustrating the construction and positioning of the 
multiple hydraulic cutting jets which generate the 
hydraulic couple/self-rotational force. 

The invention includes a novel cutting jet design 
which is depicted in Figures 2 and 3. As shown, 
the cutting jet supply conduits extend downward 
within the interior of the mining tool terminating at 
several jets (54).	 As best shown In Figure 3, the
end of each of the discharge conduits is sized to 
receive a nozzle insert (54). Each of the nozzle 
inserts may be formed such that Its central aperture 
Is directed at an angular inclination to the central 
axis of the nozzle to vary the direction of fluid 
discharge through the nozzle to vary the direction 
of fluid discharge through the nozzle.

Due to the discharge from the nozzle inserts being 
arranged in opposite but generally parallel directions, 
a hydraulic couple force is generated about the 
central axis of the mining tool which yields a self-
rotational force about the mining tool in a clock-
wise direction as indicated by the arrow In 
Figure 3. 

FIGURE 2 
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FIGURE 3
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Thus, during the mining operation when fluid is dis-
charged through the nozzle inserts (54), the power 
requirements for the above-ground rotating 
mechanism (not shown) are substantially reduced. 
Further, due to the fluid discharge through the 
plural nozzles occurring in a generally equal mag-
nitude in opposite parallel directions, the hydraulic 
reactionary force of the liquid discharge through 
each of the nozzles Is basically offset, thereby 
eliminating the bending forces theretofore associated 
In the operation of hydraulic mining tools. 

WMOGRAPWC TECHNIQUES YIELD IMAGES OF IN SITU 
PROCESSES 

Work under way at Lawrence Livermore National 
Laboratory is intended to develop remote sensing 
methods to determine fluid movements and satura-
tions during steam flooding of a heavy oil sands 
reservoir. Progress reported by the Bartlesville 
Project Office of the United States Department of 
Energy suggests that two different techniques may 
be feasible. 

One process under development consists of transmit-
ting high frequency electromagnetic waves (1 to 
30 MHz) between boreholes and measuring the 
amplitude loss for each ray path. 	 The data are 
then reconstructed into a two-dimensional 
tomographic image that is representative of actual 
underground conditions. 

Remote sensing of active processes in rock, based on 
cross-borehole	 seismic	 and	 high	 frequency

electromagnetic methods, has received considerable 
attention. Electromagnetic wave propagation using 
high frequencies has been reported to image high-
explosive fracturing of coal seams. This work led 
to high frequency electromagnetic sensing of in situ 
coal gasification fire front and cavity growth. 
Simpler methods for remote sensing from boreholes 
of the cavity and fire front for in situ coal 
gasification led to more sophisticated to;nographic 
imaging of the in situ retorting of oil shale such as 
in the vertical rubbflzed retort at Logan Wash, 
Colorado and at Vernal, Utah. The evolution of 
geotomography as a method to assist scientists in 
evaluating the dynamics of in situ fossil fuel 
processing is being continuously refined. 

Two methods have been studied by Livermore: the 
seismic tomograph and the high frequency 
electromagnetic tomograph. Both methods have been 
used in field experimental programs in heavy oil 
sands that are undergoing steam flooding. The oil 
sands are shallow (245 meters) and the data were 
taken from wells dedicated to the experimental 
program. The wells are spaced 7.6 meters apart. 

The model used Is shown in Figure 1 where two 
vertical boreholes are shown with all possible ray 
paths between the source and receiver. Either the 
attenuation or velocity can be used between the 
source and the receiver which is the sum of the 
differential attenuation or velocity along many of 
the individual paths linking the source and receiver. 

To reconstruct the Image, straight line ray-optic 
equations are assumed. These may not hold as true 
for seismic velocity as for high frequency 
electromagnetic waves. 

Kern River Test Site 

The experimental test site Is located near Kern 
River, California and is on Texaco property identified 
as Section 33. Figure 2 is a sectional view and 
shows typical strata of the section and an observa-
tion well.	 The oil-sand layers are identified as 
K, K1 , K2 , R, R, and R2. Each layer is ap-
proximately 24 meters thick and Is separated by an 
impermeable shale layer about three meters thick. 
The average oil sand porosity is 30 to 32 percent 
with oil saturation of 45 to 55 percent. 	 The oil
viscosity ranges from 1,000 to 20,000 centipoise at 
90 0 F.	 Injection steam quality Is 50 to 60 percent 
with formation pressures of 70 to 200 psig. The 
formation water has an electrical conductivity of 
1,200 to 1,700 rnicromhos per centimeter (about six 
to eight ohm-meter) from well water samples. 

The highest temperatures are at the 11 1 level, the 
present steam layer as shown in Figure 2. A typi-
cal steamflood area is an inverted five-spot of ap-
proximately 2.5 acres. The steam-injection well Is 
in the center of the field, and one production well 
is located in each of the four corners. 

The seven experimental boreholes were each drilled 
to a depth of 243 meters. The lower 121 meters of 
the	 casing is	 2,000-psi fiberglass,	 which is 

3-38	 SYNTHETIC FUELS REPORT, JUNE 1988



FIGURE 2 

SECTIONAL VIEW OF THE LLNL 
TEST BOREHOLE AREA, 

KERN RIVER SITE 

LINt. 
rnonito 
wet # 4

91m 

-
FCaglassj 122 m	 Put,. 

CSSIflQ displaament 
I4Om 152m	 Zone 

- Preunt steam 
R, lBZm 

S	 243m	 --
25gm 

FIGURE 1 

STRAIGHT-LINE RAY PATHS USED 
TO CONSTRUCT TOMOGRAPH 

Cab'e	 Coble 
Fee	 F-

Gro.0 hvei

Bcc.hSe	 Behole 
No. 4
	

No. 2 

transparent to high-frequency electromagnetic traits-
missions. The entire 243-meter length of the casing 
Is surrounded by high-temperature cement to protect 
the fiberglass casing from the elevated temperatures 
in the active steam zone. 

Seismic Method 

Experimental	 seismic	 data obtained	 In this	 project 
were constrained to use of first p-wave arrival.	 No 
attempt was	 made to	 use shear	 wave or	 amplitude 
data.	 The p-wave velocity was used to construct a 
tomograph between two boreholes.	 The tomographic 
data	 were	 taken at one-meter intervals over a ver-
tical distance	 of	 10 meters (for	 a	 total of	 100	 ray 
paths).

A seismic source was placed in a water-filled 
borehole. This source was an underwater spark gap 
connected via coaxial cable to an aboveground 
capacitive-discharge energy source. Three geophones 
(two horizontal, one vertical, and all orthogonal to 
each other) in a standard casing comprised the seis-
mic receiver.

Electromagnetic Method 

The difference between the transmitted power and 
the received signal amplitude variations was used to 
construct an attenuation tomograph In the plane be-
tween two boreholes. 

The transmitted frequency was 15 MHz and 17 MHz. 
The electromagnetic data were taken with a short 
transmit dipole ( one meter) and a short active mo-
nopole probe (25 centimeters) for the receiver. 

Data were taken at 0.25-meter increments over a 
total vertical distance of 20 meters. 

A programmable frequency synthesizer generated the 
electromagnetic signal, and an aboveground amplifier 
increased this signal to 100 watts. The amplified 
signal traveled through coaxial cable to the cable 
reel, and from there to the underground transmitting 
antenna In one of the boreholes.	 An underground
active monopole receiving antenna, located In an ad-
jacent borehole, received the transmitted signal. 
This receiving antenna was connected, through a 
cable reel and coaxial cable, to a programmable 
spectrum analyzer. 
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Seismic Velocity Tomograph 

The velocity tomograph may be very useful because 
longer ranges are obtainable than with the 
electromagnetic method, and the seismic method can 
be used in steel-cased boreholes. The velocity 
tomograph was found to be able to discriminate be-
tween oil saturated sands, water saturated sands, 
and gas sands at the shallow depths. 

The velocity tomograph clearly showed a shale layer 
separating two oil sand layers. The shale layer 
location agrees with well log data taken in the 
same area.	 The oil sand layers are shown to be 
relatively homogeneous as far as velocity changes. 

Electromagnetic Tomograph 

The high-frequency electromagnetic tomographs 
complement the seismic tomograph. The electromag-
netic tomograph shows an attenuation image for sig-
nals transmitted from one borehole to another. The 
electromagnetic tomograph is more useful in areas of 
low-conductivity media and can be acquired much 
faster than seismic methods.	 It Is a noncontacting
method, operates in dry or wet boreholes, and Is not 
bothered by seismic noise. One drawback to the 
electromagnetic method is the requirement for non-
metallic casing. 

In the first tomograph cross-borehole 15 Mhz data 
were taken from 150 meter to 170 meter depth at 
0.25-meter increments. The bottom part of the 
tomograph is in the active steam zone with the up-
per part of that bound by a shale layer. The at-
tenuation levels in the lowest quadrant are consis-
tent with low loss such as a steam channel. The 
central portion of the tomograph shows much higher 
attenuation, indicating the presence of two shale 
layers. The two shale layers are separated by a 
small oil sand layer which can be seen on the 
tomograph. This agrees with well log data. Since 
this layer has been steamed and pumped for over 
tour years a steam channel could easily have been 
formed. 

A second set of electromagnetic tomographic data 
was taken In the same boreholes from 125 to 
145 meters. This area Is above the present steam 
drive zone and separated by shale layers. The pur-
pose of taking data in this layer (a) was to deter-
mine if residual heat and steam were penetrating 
the shale layers from the present steam drive zone 
(RI). 

Conclusion 

Lawrence Livermore National Laboratory has con-
cluded that the seismic velocity tomograph and the 
high-frequency electromagnetic tomograph can serve 
as valuable diagnostic tools to observe the changes 
that occur in oil/water saturated sands during 
steamflood or other enhanced oil recovery methods. 
Changes in the seismic velocity and electromagnetic 
attenuation may be observed as the saturated oil 
sands change to steam or saturated hot water sands.

As long as a seismic velocity or an electrically 
anomalous condition is Induced by the extraction 
process, the location and time history of the process 
can be monitored by using cross-borehole seismic or 
high-frequency electromagnetic tomographic imaging 
of the entire plane between boreholes. By suitable 
arrangement of diagnostic borcholes, a three-
dimensional tomographic image can be constructed. 
These tomographic images can provide steamflood 
operations with a method to better understand the 
in situ phenomena occurring. 

WARD DOUGLAS PATENT GIVES IMPROVED IN SITU 
w gr COMBUSTION PROCESS 

United States Patent 4,691,773, "In Situ Wet Combus-
tion Process for Recovery of Heavy Oils ,' issued Sep-
tember 8, 1987 to C. D. and C. E. Ward and as-
signed to Ward Douglas & Co., describes an improved 
wet combustion process for the in situ recovery of 
heavy oils, including oil from tar sands or oil shale, 
in which the temperature of the rock formation 
downstream of the flame front Is raised sufficiently 
to cause substantially more cracking of the heavy 
organic material downstream of the front, without 
quenching the combustion behind the flame front, 
than occurs in the conventional wet combustion 
process. 

In the invention oxygen concentration of the Injected 
gas reaching the flame zone is periodically reduced 
so that the heat carrying capacity of the fluids en-
tering the flame zone exceeds the heat carrying 
capacity of the reservoir rock entering the flame 
zone at any instant of time. Normally the con-
centration of oxygen catering the flame zone is 
raised or lowered by the addition of greater or 
lesser amounts of water long with air. However, 
other techniques can be used to change this oxygen 
concentration 

In Stage 1	 the operation (Figure 1) is carried out 
In the same manner as a conventional wet forward 
combustion process. Air with a relatively stall 
amount of water is injected via a central injection 
well which is surrounded by a group of producing 
wells at an appropriate spacing. After ignition is 
achieved, a flame front zone is formed which ad-
vances through the formation toward the producing 
wells, with flue gases and steam displacing most of 
the oil towards the producing wells in advance of 
this flame front. The rate of advance of the flame 
front is a function of the rate of injection of 
oxygen and the amount of undisplaced oil (which 
may be in the form of coke, at least in part) which 
remains in the pores of the reservoir rock as the 
rock relatively speaking moves into the flame zone. 

Downstream of the flame front, a zone is formed 
which Is approximately at the condensation tempera-
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FIGURE 1 

CYCLIC IN SITU WET FORWARD COMBUSTION 

WATER INJECTION 
AIR

lure of the steam present (e.g. 250 0 -500 0 F). The 
oil in this "steam zone" is more mobile than in the 
original reservoir due to its lower viscosity at this 
higher temperature. The zone Immediately upstream 
of the flame front has been heated by the combus-
tion operation to a more elevated temperature (e.g. 
800 0 -1,500 0 F). Further upstream of the flame front 
nearer the injection well, the hot zone behind the 
flame front is quenched to the inlet air/water tem-
perature in what is called a "cold front." In this 
cold front, injected water Is also vaporized by the 
hot reservoir rock, generating steam. 

The nature of the heat balance in a conventional 
wet combustion operation Is such that the velocity 
of the cold front is usually less than the velocity 
of the flame front so that the hot zone upstream of 
the flame front expands with time. However, if the 
water rate were to be increased sufficiently, the 
velocity of the cold front would Increase and even-
tually the entire hot zone (800°-1,500 0 F) upstream 
of the flame front would be quenched down to the 
steam condensation temperature (typically 2500-5000F) 
or lower. Such a condition Is known as "quenched 
combustion." 

In Stage 1 of the operation, according to the 
patent, the heat carrying capacity of the air/steam

mixture (measured, for example, in RTIJ per hour per 
degree) entering the flame zone, which is directly a 
function of the rates at which air and water are 
being injected, normally is significantly less than the 
corresponding heat carrying capacity of the rock 
(similarly measured) entering the flame zone. The 
heat carrying capacity of the rock depends on the 
flame front velocity, which is a function of the 
amount of residual oil left within the rock and the 
rate of injection of oxygen, being independent of 
the water Injection rate. 

Also in Stage 1 of the operation there is some con-
duction of heat from the hot zone upstream of the 
flame front which results in some vertical and 
horizontal heat transfer creating a small zone 
downstream of the flame front and the steam zone. 
This small zone In some cases may be hot enough to 
cause some amount of cracking and intrinsic vis-
cosity reduction of oil downstream of the flame 
front. However, this amount of cracking is rela-
tively minor. 

Stage 1 of the operation is carried out long enough 
to create a large hot zone upstream of the flame 
front. The length of time required varies greatly, 
depending on the reservoir characteristics and the 
air and water injection rates. Frequently, it may be 
in the range of 15 to 60 days. 
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Stage 2 of the operation Is then commenced by in-
creasing the water-to-air ratio markedly so that the 
heat carrying capacity of the air/steam mixture 
(again measured, for example, in BTU per hour per 
degree) becomes significantly greater than the heat 
carrying capacity of the rock entering the flame 
zone. This result is possible since the heat carrying 
capacity of the air/steam mixture increases as the 
water injection rate is increased, while the heat 
carrying capacity of the rock remains the same be-
cause the flame front velocity is a function of the 
injection rate of oxygen and not the water or steam 
rate. Since, at this point in time, a hot zone ex-
ists upstream of the flame front, the air/steam mix-
ture will enter the flame front zone at a tempera-
ture about equal to that of the hot zone (e.g. 
800°-1,500 0 F). However, because now the heat car-
rying capacity of this stream is greater than that of 
the rock entering the flame zone, the rock no 
longer has the heat capacity to remove the heat of 
combustion and to cool the gas mixture down to the 
steam zone temperature. 

A new heat balance therefore Is established in which 
the gases now leave the flame zone at a tempera-
ture higher than that at which they entered (e.g. 
1,000-2,000 0F), resulting in the re moval of the heat 
of combustion from the flame front and any sensible 
heat from the rock. This very hot (e.g. 1,0000 
2,000°F) flue gas/steam mixture leaving the flame 
zone quickly heats up the reservoir rock and oil 
immediately downstream of the flame front, forming 
a "downstream hot front" in which the temperature 
of the reservoir rock and oil is increased to this 
new high temperature. The "downstream hot front" 
advances towards the producing wells at a velocity 
greater than that of the flame front, and creates a 
"downstream hot zone" containing oil in which sub-
stantial amounts of cracking and intrinsic viscosity 
reduction occur.	 To obtain significant cracking of
this type, temperatures of about 700°F or higher are 
usually required. Significantly greater viscosity 
reduction of the oil can be caused by this cracking 
than will occur just by the increase in the tempera-
ture of the oil. In this patent application the term 
"Intrinsic viscosity reduction" refers to viscosity 
reduction caused by the cracking of the oil con-
trasted to viscosity reduction which occurs as tem-
perature increases.

If the above Stage 2 of the operation Is continued 
long enough, the markedly increased quantities of 
water injected would eventually cool down the entire 
hot zone upstream of the flame front and the 
operation would turn Into quenched combustion in 
which no "downstream hot zone" would exist. To 
avoid this undesirable result, in this patent the 
Stage 2 operation is stopped just before such 
quenching occurs, by reducing the water injection 
rate (or water-to-air ratio) to place the operation 
back into the Initial Stage 1 mode until a sig-
nificant hot zone behind the flame front Is re-
established.	 Thereafter,	 the Stage 2 mode is
resumed. 

The operation is thus cycled between the Stage 1 
mode and the Stage 2 mode until all the oil is 
produced, or until the desired amount of cracking 
and intrinsic viscosity reduction of the oil in the 
reservoir has been obtained. Thereafter, conven-
tional recovery methods, such as steam or water in-
jection without combustion can be used for the 
remainder of the production operation, utilizing the 
benefit of the lower Intrinsic viscosity oil achieved 
by use of this invention. 

When the operation is cycled back to the Stage 1 
mode from the Stage 2 mode, the zone immediately 
downstream of the flame front will revert to a tem-
perature close to that of the steam zone (303°-
500°F), but the zone next further downstream will 
continue at the high temperature established in 
Stage 2 (moderated with time, due to heat losses by 
conduction). Thus, when operating in the cyclic 
manner of this invention, a series of "downstream 
hot zones" are created which move through the 
reservoir towards the producing wells, and which are 
interspersed with zones at the normal steam zone 
temperature. With time, these "downstream hot 
zones" loose their higher temperature level to ad-
jacent zones by conduction, but before this happens 
the creation of these "downstream hot zones" has 
caused the desired significant cracking and intrinsic 
viscosity reduction of the oil in the pores of the 
reservoir rock. 
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INTERNATIONAL 

VFA O. TESTS CANADIAN BITUMEN 

Tests on bitumen derived from Alberta tar sands 
were recently carried out at the pilot plant 
facilities of VEBA DEL AG in Gelsenkirchen, West 
Germany. These tests provide increased confidence 
that the VEBA Combi Cracking (VCC) Process Is 
ready for commercial application in Alberta. 

The VCC Process is a high conversion hydrogen addi-
tion upgrading process which combines thermal 
hydrocracking in a liquid phase reactor with 
catalytic hydrotreating In a gas phase reactor to 
produce a high yield of excellent quality synthetic 
crude oil from bitumen. Because of the economic 
potential for such a process the Alberta Oil Sands 
Technology and Research Authority (AOSTRA) has 
been working with VEBA to demonstrate the perfor-
mance of the process and provide a design data 
base on Alberta feedstocks. The tests have involved 
processing the test feedstocks in the large scale 
pilot plant at rates of 80 to 120 barrels per day of 
vacuum residue. 

For the initial test (completed in May, 1987) Cold 
Lake bitumen from Esso Resources was shipped to 
Europe, topped in Antwerp and then processed by 
VEBA in Gelsenkirchen. Smooth continuous operation 
was demonstrated throughout the test period of al-
most 700 hours, Including a steady state period with 
all systems operating on specification and at the 
target conversion levels of 94 percent. 

A second test was designed to determine the pos-
sible effects of clay in the feed on upgrader per-
formance. 

The test which ran 1,500 barrels of Athabasca 
bitumen began on January 4, 1988 and again was 
said to be very successful. 	 The fine clay In the 
Athabasca feedstock had no apparent effect. Con-
version levels of 94 percent were readily maintained 
at process conditions similar to the previous Cold 
Lake test.	 The test continued smoothly,	 on
specification, until the feed ran out on January 20. 

VEBA then proposed a further high throughput run 
utilizing the remaining Cold Lake feedstock at Gel-
senkirchen. Rather than shutting down on 
January 20, the feed was switched from Athabasca 
to Cold Lake and the throughput raised by 
50 percent. Samples were obtained for one balance 
period at over 90 percent conversion before the 
pilot plant was shut down on January 24. 

Both tests were sponsored by AOSTRA, who provided 
80 percent ($3.7 million) of the cost for the Cold 
Lake test and 60 percent ($i.s million) for the 
Athabasca test.

HEAVY OIL/WATER EMULSION SCORES ADVANCES ON 
INTERNATIONAL FRONT 

Venezuela has announced plans for commercial 
production of Orimuision--a blend of Orinoco extra-
heavy crude, water, and chemicals that can be used 
in place of coal under utility and industrial boilers. 

The country hopes to sell 50,000 barrels to overseas 
clients--possibly in the United States, Canada, 
Europe, and Japan--by the end of 1989. Lagoven SA 
sees potential sales of 600,000 barrels per day by 
the mid-1990's and one million barrels per day by 
2000. 

Lagoven parent Petroleos de Venezuela SA (Pdvsa) 
considers Orimulsion an unconventional hydrocarbon, 
and therefore exempt from the country's 
1.586 million barrel per day production quota un-
posed by the Organization of Petroleum Exporting 
Countries. The General Agreement on Tariffs and 
Trade specifies that crude oil must be a liquid at 
15 0 C to be classified as a hydrocarbon oil, whereas 
the 7-9 API bitumen used in Orimulsion needs to be 
heated to 85 0C to be handled as n liquid fuel. To 
further distinguish Orimulsion from crude, Pdvsa plans 
to measure volumes in metric tons Instead of bar-
rels. 

It will market the fuel as "liquid coal," cheaper 
than fuel oil and roughly competitive with coal. 
Pdvsa cites the fuel's high heat content and ease of 
transportation and storage. 

Disadvantages Include sulfur and vanadium content. 
Conventional burners may need modifications to 
handle the fuel. Venezuela plans to use the fuel 
itself in power plants. 

Intevep, Pdvsa's research unit, has developed technol-
ogy during the past several years for reducing the 
viscosity of extra-heavy Orinoco crudes. The vis-
cosity of Orimulsion is said to be roughly equivalent 
to No. 6 fuel oil.	 It contains up to 30 percent 
water. 

The first Orimulsion firing test was done in 
Venezuela in 1986 followed by handling tests involv-
ing some 150,000 tons and by oceanic transportation 
tests using about 3,800 tons. Large-scale combustion 
and engineering tests were undertaken in 1986/87 at 
the Nagasaki Research and Development Centre of 
Mitsubishi Heavy Industries in Japan, and in the 
United States at the lirelsinger Development 
Laboratory of Combustion Engineering followed by 
tests at New Brunswick Power in Canada. All these 
tests proved the fuel fired well. 

Orimulsion can be stored, handled and fired in sys-
tems similar to those employed for heavy fuel oil 
firing In power generation and industrial boilers 
using conventional heavy fuel oil equipment. With 
the use of fuel oil by power utilities declining 
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worldwide	 because of	 its perceived	 long-term high 
costs,	 there	 are	 an increasing number	 of	 oil-fired 
plants	 being	 used with a	 low	 load	 factor in 
countries	 such	 as Spain, the	 United	 Kingdom and 
Germany,	 all	 of which could	 easily	 convert to 
Orimulsion.

Commercial marketing of Orimulsion is expected to 
start in the second half of 1989, but the product 
will only be sold on long-term contract and not on 
the spot market, with the marketing strategy center-
ing on: a commitment to long-term relationships 
with clients, stable prices and continued economic 
competition with coal. 

DESIGN WORK UNDER WAY ON LIAOHAI HEAVY GD. 
PROJECT IN CHINA 

A development project in one of China's heavy oil 
fields, the Shuguang field, in the Liaoning province 
in northeast China, Is being financed by the World 
Bank.	 Contracts for the evaluation study of the

reservoir and eventual surface facilities were 
awarded in 1987 to two Canadian companies, D & S 
Petroleum Consulting Group Inc. and Delta Projects 
Ltd. D a S will do a detailed petrophysical and 
geological study of the heavy oil zone in the 
Zinglogtai formation in this field. The Dalinghe and 
Shabejie formation have already been produced 
through steam soak. The oil in the Zinglogtai for-
mation is much heavier than in the others. The oil 
has a viscosity of approximately 500,000 centipolsc 
at a reservoir temperature of 120°F which would 
qualify the fluids in this formation to be defined as 
bitumens. 

Work on the project, known as the Liaohal Project, 
got under way in early 1988. D & S plans within 
18 months to have collected enough core and fluid 
data to be able to run a reservoir simulation and be 
able to determine the best recovery method for this 
formation. When this stage is finished Delta 
Projects will design the surface facilities for the 
project. 
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ENVIRONMENT 

COKE COULD CLEAN UP (HI. SANDS TAILINGS 
STREAMS 

Work carried out at the Department of Chemical and 
Petroleum Engineering of the University of Calgary 
and reported in the AOSTRA Journal of Research 
shows that delayed coke from bitumen upgrading 
could be useful in treating tailings streams before 
discharge. 

The hot water process, which Is used for commercial 
recovery of bitumen from mined oil sand in Northern 
Alberta, was designed to recover approximately 
90 percent of the bitumen from the oil sand feed. 
The remaining 10 percent, Including both native 
bitumen and diluent naphtha Is lost to tailings, and 
represents a significant energy resource as well as 
an environmental problem. 

The desirability of recovering bitumen from the sur-
face of tailings ponds soon after discharge was ac-
knowledged as early as 1970. Syncrude Canada Ltd. 
skims primary tailings prior to discharge thus reduc-
ing losses of bitumen to the pond. Methods for 
reprocessing partially settled tailings sludge by some 
combination of agitation, aeration, dilution, flotation 
and skimming, have been reported in early patents. 
Flotation scavenging studies of tailings fractions, in-
cluding naphtha-rich centrifugation plant tailings, 
prior to discharge, have also been described. 
Syncrude Canada Ltd. has decided to install a steam 
stripping process to recover naphtha from centrifuga-
tion plant tailings. 

The potential for separating residual bitumen or 
bitumen and diluent naphtha from aqueous tailings by 
sorption or oleophilic particles has a number of at-
tractive features. The use of sorbent coke particles 
to promote spherical agglomeration of organic 
materials in tailings pond sludge has been studied 
systematically. 

The objective of the University of Calgary work was 
to study individual steps in a sorption-scavenging 
process using regenerabie particles. Steps inves-
tigated include sorbent preparation, sorbent-tailings 
contacting, sorbent separation from tailings, bitumen 
desorption and sorbent recycle. Centrifugation plant 
and primary tailings from Suncor Inc. were Inves-
tigated In combination with Suncor delayed coke. 

Although centrifugation plant tailings represent the 
minor stream, having approximately 10 percent of 
the volume of primary tailings, the low sand content 
combined with the potential for recovery of heavy 
minerals and the relatively rich hydrocarbon levels 
compared with primary tailings makes these tailings 
a favorable stream for bitumen recovery. Further-
more, the presence of volatile naphtha in centrifuga-
tion plant tailings complicates, although it does not 
preclude, alternative flotation scavenging methods 
because of toxicity and flammability. 	 For these

reasons, the sorption scavenging studies reported by 
the University of Calgary deal mainly with 
centrifugation plant tailings. 

Their experimental results showed apparent bitumen 
recoveries in the ranges 77 to 95 percent and 85 to 
89 percent for centrifugation plant and primary tail-
ings, respectively, even without any attempt at op-
timization of scavenging conditions. Also, they 
found that raw delayed coke, which is a readily 
available byproduct of bitumen upgrading, Is at least 
as effective as expensive activated carbons for pur-
poses of bitumen scavenging. The treatment of 
delayed coke with steam at high temperatures ap-
parently does not change its effectiveness as a 
bitumen scavenger. This makes possible steam strip-
ping sorbent regeneration procedures. 

Sorbent-SlrnTy Contacting 

Bitumen removal from tailings dispersions by sorption 
scavenging was tested with alternative contacting 
methods. Good bitumen recoveries were obtained by 
tumbling, stirring, and recycle through fixed beds as 
well as by use of air bubbles for agitation and 
mixing. Although there was a tendency for alterna-
tive contacting methods to result in slightly lower 
bitumen recoveries than were obtained by vigorous 
shaking, the apparent differences were judged sig-
nificant since only the shaking and fixed bed recycle 
procedures were optimized with respect to contact 
time. 

Hydrocarbon Recovery and Sorbent Regeneration 

Bitumen and sorbent particles recovered from tailings 
might be used directly as fuel, or bitumen might be 
desorbed and upgraded to liquid fuels. Fluidized bed 
combustion systems with limestone In the bed or 
with flue gas scrubbers to control sulfur emissions 
could be used to burn the fuel recovered from tail-
ings. Alternatively, solvent extraction, steam strip-
ping or coking might be used to recover hydrocar-
bons and regenerate sorbent for recycle. The steam 
stripping and coking options were tested. 

It was found that up to 70 percent of the sorbed 
bitumen could be recovered as relatively light oil by 
steam cracking. Oil recoveries increased markedly 
with furnace temperature setting, up to at least 
850 0C or with steaming time when the furnace was 
at 540 0 C. On the other hand, the low hydrocarbon 
recoveries obtained at furnace temperatures less than 
approximately 400°C means that steam stripping is 
not a viable method for separation of sorbed 
bitumens due to the low volatility of the bitumen 
and its strong adhesion to the coke. Delayed or 
fluid bed cokers such as are now used to upgrade 
oil sand bitumen could be used directly for recovery 
and upgrading of bitumen sorbed by coke particles. 
Bitumen recoveries were not adversely affected by 
recycling the sorbent coke particles. 
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Processing Concepts 

Schematic diagrams for two sorbent -scavenging 
processes are shown in Figures 1 and 2. The flow 
rate for the centrifugation plant tailings stream is 
based on a plant producing 68,000 barrels per day 
synthetic crude. The process shown in Figure 1 In-
volves flow of aqueous tailings streams such as 
centrifugation plant tailings or the "water fines" 
fraction of primary tailings through a shallow bed or 
granular (-12 + 20 mesh) coke particles. A series 
of beds could be used to remove 90 percent of the 
bitumen plus naphtha from tailings. After bacictlush-
ing and draining, a bed saturated with bitumen 
would be processed in a coker to recover oil and 
naphtha and regenerate the sorbent.

FIGURE 2 

SORPTION SCAVENGING PROCESS 
WITH RECOVERY BY FLOTATION 
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Figure 2 shows another possible processing arrange-
ment in which powdered coke would be mixed with 
eentrifrigation plant tailings and the sorbed bitumen 
would then be recovered in a flotation cell. The 
carbon-enriched bituminous froth could be fed to a 
coker to produce oil, naphtha, and gas. Regenerated 
coke and new coke may be either recycled or 
burned to produce steam.	 The ash from a burner
might be utilized in heavy mineral recovery. 

The researchers conclude there are no major techni-
cal reasons that would prevent development of 
hydrocarbon scavenging processes based on use of 
inexpensive, regenerable sorbent particles. Further 
development should be guided by economic analyses. 

FIGURE 1 

SORPTION SCAVENGING PROCESS 
WITH FIXED BED CONTACTOR 
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RESOURCE 

HEAVY OIL DEPOSITS NOTED IN 15 BASINS 
THROUGHOUT CHINA 

Heavy	 oil resources	 in	 China	 were	 discussed	 in	 a 
paper	 from the	 Scientific	 Research	 Institute	 of 
Petroleum Exploration	 and	 Development,	 Beijing, 
China,	 at the	 China-Canada	 Heavy	 Oil	 Technology 
Symposium held	 in Zhuo Zhou,	 China	 last	 fall.	 Ac-
cording to the Chinese researchers, 	 the formation of 
heavy oils in China was controlled by biodegradation, 
secondary migration,	 reactions	 with	 aquifers, flushing 
by	 meteoric water,	 and	 oxidation	 by	 air.	 Oil	 nor-
mally	 varies	 from	 light	 oil	 at structurally	 low	 areas 
or	 in	 older formations	 to	 heavy	 oil	 at	 structurally 
high areas or in younger formations.

Chinese petroleum basins were developed on pre 
Sirtian cratons and in folded belts of various 
geological ages. These east-west oriented basins are 
separated by major structural elements oriented in a 
north-south direction. In China, there are three 
major petroleum provinces, namely: the eastern China 
province characterized by its rifted basins; the 
western China province characterized by its compres-
slonal basins; and the central China province be-
tween the eastern and western China provinces. In 
the eastern China province, the Cenozoic and 
Mesozoic sediments were deposited on the pre-Sinian 
shield and in folded belts of different geological 
ages. In the western China province, because of 
the movement of the Indian plate, the basins were 
uplifted and grabens were formed in Cenozoic time. 
In the northern part of the western China province, 
oil has migrated several times, reservoirs were 
destroyed, and oil was degraded to heavy oil at the 
Himalaya stage. 

To date heavy oil has been discovered in 15 Chinese 
basins (Figure 1 and Table 1). The heavy oil reser-
voirs are distributed in Sinian to Tertiary rocks, but 
the majority of the reservoirs occur in rocks of 
Mesozoic and Cenozoic age. Most of the reservoirs 
are found at depths between 1,000-1,500 meters, 
though some can be found as deep as 2,000 meters. 
The definition for heavy oil adopted by the con-
ference paper is that the specific gravity is greater 
than 0.935 and the viscosity is above 100 mPas. 

Hydrocarbon Compositions 

Saturated and aromatic hydrocarbons comprise over 
60 percent of conventional light and medium oils 
with a maximum value of 95 percent (Figure 2), but 
are less than 60 percent in heavy oil with a mini-
mum value of 20 percent. The asphaltene content is 
normally less than five percent in light and medium 
oils, but can be as high as 10 to 30 percent or 
even 50 percent in heavy oil. 

Geological Setting 

The reservoirs are made up of coarse-grained 
sandstones of continental origin and are at a depth

less than 2,000 meters. The sandstone contains a 
clay matrix of 10 to 15 percent with high porosity 
(30 to 35 percent), and high permeability (0.3 to 2.0 
Millimeters squared).	 The oil saturation of the
reservoirs is low and is related to the content of 
the matrix. If the reservoirs consist of more than 
30 percent matrix, then they do not contain oil, if 
reservoirs are fine- to coarse-grained sandstones 
with a matrix of 10 to 15 percent, then the reser-
voirs are saturated with oil (60 to 70 percent). 
Reservoirs which have matrix between 15 to 
30 percent have low oil saturation. 

The late Tertiary tectonic activity caused a major 
migration event. There were two types of migra-
tion: migration along faults, and migration along an 
unconformity. These two types of migration caused 
the separation of light oil from heavy oil and also 
the biodegradation along migration paths. 

Formation of Heavy OH Reservoirs 

Heavy oil reservoirs were formed by a sequence of 
processes such as tectonic uplift, biodegradation, 
flushing by meteoric water and oxidation by air. 

(1) Flushing by meteoric water - and oxidation by 
air.	 Heavy oil from the Zao-yuan oil field is an 
example of this type. This oil field is located at 
the structural high on the southern Iluaag-hua basin. 
Producing Eocene sandstones are conglomeratic 
sandstones deposited in diluvial fans. The sandstones 
have a porosity of 24 to 26 percent, and a per-
meability of 0.2 to 2.0 millimeters squared. The 
heavy oil varies from slightly to heavily biodegraded. 
The properties of producing formations are different 
In each faulted block.	 The heavy oil from the 
faulted blocks located at a structurally low level 
has been slightly biodegraded, and is rich in 
n-alkanes, pristane and phytane; the specific gravity 
ranged from 0.9187 to 0.9260, and the viscosity 
ranged from 525 to 500 mPas. The oil which oc-
curred within the same faulted blocks, but at the 
structural highs has been slightly to moderately 
biodegraded;	 n-alkanes were partially removed; 
specific gravity was 0.9450;	 and viscosity was
15,505 mPas. 

(2) Along the margin of the basin, oil was oxidized 
by air and biodegraded. The properties of the oil 
changed vertically. For example, the Karamay-xia-
zi-jie play of the Junggar basin has five producing 
zones distributed in Carboniferous, Carboniferous - 
Permian, Triassic, Jurassic, and Cretaceous formations. 
The Upper Jurassic and Cretaceous formations 
produce heavy oil. The oil was generated in the 
depression near Malas Lake. The age of the source 
rock is Carboniferous-Permian. Oil and gas have 
migrated along an unconformity surface and have ac-
cumulated in different types of trap. Accumulations 
in younger formations usually occur where leaks link 
them to older traps. Heavy oil occurs along the 
edge of the basin, where light oil is horizontally 
imbricated on the heavy oil reservoirs. 
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KEY 10 FIGURE 1

FIGURE 2 

TERNARY PLOT FOR THE
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CHINESE HEAVY OILS 
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(3) Heavy oil formed by secondary migration. This 
type of heavy oil Is widely distributed in rouovers 
and drape anticlines occurring in Tertiary basins. 
The coarse-grained fluvial sandstones have high 
porosity and permeability. Oils have migrated along 
the unconformity surfaces and faults into the Ter-
tiary structures. 

The Gang-dong heavy oil field occurs In a rollover 
anticline situated at a large scale faulted block. 
Producing horizons are Tertiary conglomeratic 
sandstones. The fluvial sediments were buried at a 
depth of less than 2,000 meters. 011 and gas have 
migrated vertically. The properties of the oil vary 
from bottom to top of the stratigraphic section as 
mineral contents of the formation water decrease 
toward the younger formations. 	 Methane content, 
specific gravity, viscosity, resin content, and 
biodegradation of the oil increase towards younger 
formations.

(4) Reaction with aquifers. Oil in the reservoirs 
reacted with aquifers and became heavy oils. 
Specific gravity decreases towards the younger for-
mations. Usually, a gas cap exists. 

The Gu-dao heavy oil field Is an example. This oil 
field Is located at the eastern edge of the Zhanhua 
basin. The Tertiary sediments were folded over the 
Paleozoic uplift. The anticline produced by this set-
ting has a flat top with steep sides. The sandstone 
of the Guan-tao group unconformably onlaps on the 
Paleozoic limestone. Depths of reservoirs range from 
1,160 to 1,300 meters. The heavy oil was formed 
by the reaction of oil and the aquifer underneath. 

Light components of the oils dissolved into aquifers 
and were flushed from the reservoir and therefore, 
the heavy oil was formed. 
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RECENT OIL SANDS PUBLICATIONS/PATENTS 

RECENT PUBLICATIONS 

The following articles appeared in the The Journal of Canadian Petroleum Technology, Volume 27, No. 1, February 
1988:

Schramm, L. L., et al., "The Rheological Properties of an Athabasca Bitumen and Some 
Bituminous Mixtures and Dispersions." 

Chung, K. H., at al., "Geometrical Effect of Steam injection on the Formation of Emulsions In 
the Steam-Assisted Gravity Drainage Process." 

Brown, S. J., "Detection of Casing Failures in Steam Injection Wells at Cold Lake Using Pres-
sure and Rate Data." 

Miller, K. A., et al., "Recent Observations at the Golden Lake Sparky Fireflood Pilot." 

Lea, J. F., et a)., "Optimization of Progressive Cavity Pump Systems In the Development of the 
Clearwater Heavy Oil Reservoir." 

Marjerrison, D. M., et al., "Dome Petroleum's Experience with Sand Control In Lloydrnlnster 
Heavy Oil Fields." 

D'Souza, M. V., et al., "Modification of a Downhole Gas Burner for Successful Ignition in a 
Low-Pressure Heavy Oil Reservoir." 

Todd, C. M., "Downstream Planning and Innovation for Heavy Oil Development -- A Producer's 
Perspective." 

The following article appeared in The Journal of Canadian Petroleum Technology, Volume 27, No. 2, 
March-April 1988: 

Sedgwick, G. E., et al., "Application of X-ray Imaging Techniques to Oil Sands Experiments." 

The following articles appeared In the AOSTRA Journal of Research, Volume 4, Number 1 Winter, 1988: 

Hall, E. S., at al, "Sorption-Scavenging Methods for Recovery of Residual Oil from Oil Sands 
Telling Streams." 

Chute, F. S., et al., "Present and Potential Applications of Electromagnetic Heating in the In 
Situ Recovery of OiL" 

Chen, H. H., et al., "Hydrocracking of Athabasca Bitumen Using Oil Soluble Organo:netallic 
Catalysts. Part I: The Influence of Temperature and Pressure on Catalytic Activity." 

Thiel, J., et al., "NMR Characteristic of Alberta Bitumens." 

The following papers were presented at the Fifth Annual Heavy Oil and Oil Sands Technical Symposium held 
at the University of Calgary March 16, 1988 in Calgary, Alberta, Canada: 

Komery, D. P., et al., "Advancements In Development of the Taciuk Processor." 

Friedrich, F. U., et al., "The Fluidized Bed Combustion of Heavy Liquid Fuels." 

McKemiy, C., "Use of Coal for Steam Generation at Thermal Recovery Projects." 

Whitney, H. S., et al., "Automatic Well Testing with a Two Phase Separator." 

Zaidi, S. A., at al., "The Use of Vapour Compression Evaporation for Removing Total Dissolved 
Solids for Produced Water." 

Hughes, T. D., "Energy Integration In Heavy Oil Production Plants." 
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Vorndran, L. D. L., et al., "Well Protection in a Commercial Combustion Project." 

Spencer, H. L., at al., "Application of Electromagnetic Stimulation to Canadian Heavy Oil 
Reservoirs." 

Bichel, J. E., at al., "Satellite Annulus Gas Incineration." 

Gallant, R. J., et al., "Evolution of Technology for Commercial Bitumen Recovery at Cold 
Lake." 

Clark, J. E., at al., "Selection of Technology for Expansion of Syncrude." 

The following papers were presented at the conference on Heavy Oil - Who Needs It and How Will They 
Get It?, held in Calgary, Alberta, Canada, December 8, 1987: 

Manning, T. J., "The Heavy Oil Supply Situation - World View With Impact on Canada." 

Wilson, R. 0., "The Industry Ugly Duckling." 

Riles, A., "Heavy Oil Supply in Canada - A Government Point of View." 

Kirkwood, G. W., "Changing Crude Oil Transportation Demands - How Do We Meet the Chal-
lenges of the 90's?" 

Haessel, W., "Diluent for Heavy Oil Transportation - Supply and Demand." 

Hyndrnan, L. D., 'the Impact Free Trade is Likely to have on the Petroleum Industry." 

Zey, F., "How Will the U.S. (MOD II) Respond to Increased Supply of Canadian Heavy Oil in 
the Mid 90's?" 

Vincent, R. S., "Future Crude Slate Changes and the Canadian Refiner - how Will Canadian 
Refiners Respond to Increased Supply of Heavy Oil and the Decreasing Supply of Light Oil in 
the 1990's?" 

Yildlrim, Dr. E., "Alternatives for Processing Canadian Heavy Oil and Bitumen." 

Mackid, J. C., 'Impact of Tax Reform on Heavy Oil Viability." 

Grandin, M. A,, "Funding of Heavy Oil Projects - Where Will You Find the Money?" 

The following papers were presented at the China-Canada Heavy Oil Technology Symposium held in Zhuo 
Zhou, China, October 1987: 

Jianyi, H., at al., "Heavy Oils in China: Their Geochemical and Geological Aspects." 

Redford, D. A., "AOSTRA Heavy Oil and Bitumen In Situ Pilots." 

Wenzhang, L., "Standards for Heavy Oil Classification, and Thermal Recovery Sieving." 

McCormack, M. E., "Well Completions for Heavy Oil Production." 

Zhiqiong, Y., et al., "Geochemistry of Continental Heavy Oils From China." 

Ruiqi, Y., et al., "Geology and the Origins of Heavy Oil From the Northwestern Junggar Basin." 

Redford, D. A., et al., "The Role of Reservoir Engineering Research." 

Jianhua, Z., et al., "Simulation of Steam Drive in a Heterogeneous Reservoir." 

Ali, S. M. F., at al., "Scaling Laws for Enhanced Oil Recovery Experiments." 

Yan, H, at al., "Heats of Combustion of Light and Heavy Oils." 

Edwards, R. D., et al., "Slant and Directional Drilling." 
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Stasluk, H. W., at al., "Slant Wells in the Lindbergh Heavy Oil Development." 

Yongsui, C., "Fechnical Study on the Plumping Techniques for Gaosheng Heavy Oil Field." 

Hongxun, W., et al., 'The Determination of Polished-Rod Load in Pumping Deep Heavy Oil 
Well." 

Tianxi, Q., "Sucker Rod Pumping System for Cyclic Steam Stimulation Projects." 

Gilby, D. W., at al., "Specially Designed Pumps for Heavy Oil Production." 

Hepler, •L. C., "Thermodynamics and Colloid Science Applied to Oil Sands and Heavy Oils." 

Hsi, C., et al., "Measurement and Correlation of Equilibrium Properties Applied to Bitumens and 
Heavy Oils." 

Isaacs, E., et al., "Use of Foam Forming Surfactants to Enhance the Recovery of Heavy Oils." 

Yen, C., et al., "Effects of Oil Viscosity on the Steam Recovery Efficiency." 

Yunen, X., et al., "Characteristics and Recovery Methods of Heavy Oil Reservoir in Liaohe 
Oilfield." 

Jiang, Q, at al., 'The Feasibility Study of Steam Injection Recovery for Thin Sands." 

Zhou, F., "Primary Sand Control Technology for Liaohe Heavy Oilfield." 

Zong, C. D., at al., "Quartz Sand as a Gravel Packing Material in Huff and Puff Wells." 

Heidrick, T., at al., "Sand Control Techniques for Thermal Recovery of Heavy OIL" 

Ying, Ft., "Hot Fluid Circulation in Wellbores." 

Ma, V., et al., "An Implicit Treatment of Wellbore Pressure in Thermal Reservoir Simulator." 

Clare, R. T., "Heavy Oil Production Systems." 

SKI, H., "Pilot Experiments of Steam Injection at Shanjiasi Heavy Oil Field." 

McCormack, M. E., et al., "Design and Operation of a Steam Pilot" 

Ni-Ruo-shi, "Production Pattern of the Cyclic Steam Pilot at Karamay No. 9 Oilfield." 

Nicholls, J. H., et al., 'The Feasibility Study of a Heavy Oil Project." 

Pullin, N. E., et al., "Seismic Monitoring Techniques for Remote Sensing of Heavy Oil In Situ 
Heat Movement." 

Mummery, R. C., "Quantitative Application of Seismic Data for Heavy Oil Projects." 

Hoicek, R. G., "Surface Facilities Design-Central Plant." 

Yongsui, C., "Heavy Oil Gathering and Transportation Technology for Gaosheng Oilfield." 

tiolcek, R. G., "Steam Distribution, Control and Metering Systems." 

Zefang, C., "Heavy Oil Gathering and Pipelining Technology." 

Jingjun, Z., et al., "Rheology of Shanjiasi Heavy Crude/Water Emulsions." 

Somani, A. H., et al., "Produced Water Treatment Technologies for Re-Use or Disposal." 

Nicholls, J. H., et al., "Project Management of a Heavy Oil Recovery Pilot." 

Werth, F. J., "Economic Evaluation of Heavy Oil Projects." 
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Liang, R, et al., "Economical Evaluation for Steam Injection Recovery." 

Ross, P. A., "Financing a Heavy Oil Development Project." 

Shi-chian, Q.,"Production Performance of Conventional Cold Water injection at Gudao heavy Oil 
Field." 

Buchanan, L., et al., "Reservoir Model Study of Field Scale Combustion." 

Galloway, J., et al., "Aberfeldy Steamflood Scada System." 

Bulmer, J. 1., et al., "Analytical Technology for Heavy Oil Upgrading." 

Vincent,	 R.	 S.,	 et	 al.,	 'Contact	 Hydrocracicing	 Process	 Demonstration	 Plant Operating 
Experience." 

Hyndman, A. W., et al., "How to Select an Upgrading Process to Suit Your Needs.' 

The following papers were presented at the 1988 Spring Meeting of the American Institute of Chemical En-
gineers in New Orleans in March: 

Yamajaki, T., et al., "Recovery of Bitumen from Oilsand by Steam with	 Chemicals." 

Saim,	 S.,	 et	 al.,	 "A	 Fully	 Implicit	 One-Dimensional	 In	 Situ	 Combustion	 Simulator Based	 on 
TGA/DTG Experimental Results." 

Arnold, F. C., "A Physical Model for Two-Phase Flow in Steam injection Wells."

OIL SAND - PATENTS 

"Pour-Point Depression of Crude Oils by Addition of Tar Sand Bitumen," David J. Soderberg - Inventor, Amoco 
Corporation, United States Patent 4,728,412, March 1, 1988. The present Invention provides a process for reduc-
ing the pour point of a crude oil by adding a pour-point depressant selected from the group consisting of raw 
bitumen and hydrotreated bitumen to form a blend processing a relatively lower pour point. 

"Borehole Extraction of Minerals," William C. Pike, Timothy R. Woolmington - Inventors, British Petroleum Co. Ltd. 
United States Patent 4,728,152, March 1, 1088. A method for the extraction of a mineral from an underground 
unconsolidated formation comprises the steps of: (A) driving a casing through the overburden and into the 
mineral bearing pay zone, (B) passing a high pressure water jet head and associated supply line down through the 
casing so that an annulus is formed between the casing and the supply line and the jet head projects just 
beyond the casing, (C) directing water from the jet head into the pay zone to cause disintegration of the latter, 
(D) recovering desired product through the annulus between the piping and the casing, (E) moving the jet head to 
a different level in the pay zone when the previous level is effectively exhausted, and (F) moving the casing In 
association with the jet head so that the latter remains in the same operating position with respect to the 
casing with the jet head projecting just beyond the casing. The method is particularly suitable for extracting 
bitumen from tar sands. 

"Method for Solvent Treating of Tar Sands With Water Displacement," Robert J. Graham, John J. Helatrorn, 
Lawrence B. Peck, Richard A. Stone - Inventors, Standard Oil Company, United States Patent 4,722,782, February 
2, 1988. A method for the recovery of bitumen from tar sand comprises slurrying tar sand with about 0.5 to 
about 4.0 pound of a organic solvent per pound of tar sand, then adding greater than about 0.50 pound water 
per pound of tar sand, and separating a bitumen rich solvent phase. The method has the advantage of permit-
ting separation of sand from the bitumen rich solvent extract without formation of a stable emulsion. 

"Process for Extracting Oil and Hydrocarbons From Crushed Solids Using Hydrogen Rich Syn Gas," 
Anthon L. Smith - Inventor, United States Patent 4,725,350, February 16, 1988. Process and apparatus for ex-
traction of oil and hydrocarbons from crushed hydrocarbonaceous solids, such as tar sands, involving the pyrolyz-
ing of the said solids with syn gas rich in hydrogen, and preferably syn gas obtained from the gasification of 
coal. Crushed hydrocarbonaceous solids are treated with hot syn gas containing hydrogen at an elevated tem-
perature in a rotary kiln where the crushed solids are cascaded Into the hot syn gas containing hydrogen for 
sufficient time to strip the volatile liquids and gases found in the said solid, removing the vaporized liquids, en-
riched syn gas and spent crushed solids from the kiln, fractionating the vaporized liquids and enriched syn gas 
into desired fractions, and utilizing the enriched syn gas In the preparation of desired byproducts. 	 The ap-



paratus includes an improved rotary kiln which speeds the pyrolysis of the crushed solids. 
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STATUS OF OIL SANDS PROJECTS 

COMMERCIAL PROJECTS (Underline denotes changes since March 1988) 

ATHABASCA PROJECF - SoIv-Ex Corporation and Shell Canada Limited (TM!) 

The project is a joint venture of Solv-Ex and Shell Canada Limited to undertake the phased development of an open pit mine and 
extraction plant for bitumen on Shell's oil sands lease in Alberta, Canada. 

Phase I of the project includes a detailed engineering study and a 1,500 metric tonnes run of oil sands through the Solv-Ex pilot 
plant, located in Albuquerque, New Mexico. 

Pending successful results of the testing and acceptable economic forecasts, the construction of the mine and plant complex 
(Phase 11) would begin, with completion targeted for some time in 1990. 

The mine will provide 16,275 tons of ore per day to the extraction plant, which will use the Solv-Ex technology. About 7,500 barrels 
of bitumen per calendar day are expected to be produced, the product to be sold as bitumen or upgraded to synthetic crude at addi-
tional cost. 

The Government of Alberta and the Alberta Oil Sands Technology and Research Authority have agreed to provide financial assis-
tance to the project in the form of a Joan guarantee for Phase II of 30 percent of costs up to C$85 million, plus capitalized interest, 
and a C53 million grant for Phase I, respectively. Pilot plant work on Phase I has been completed. The technical and economic 
feasibility is being assessed by Fluor Canada with completion scheduled for September 1, 1987. 

Project Cost:	 C$260 million (Phase II) 
C$10 million (Phase I) 

BI-PROVINCLAL PROJECT - UPORADER FACILrI'Y - Husky Oil Operations Ltd. (T-35) 

Husky Oil is planning a heavy oil upgrader to be located near the Alberta/Saskatchewan border at Lioydminster, Saskatchewan. 
The facility will be designed to process 54,000 barrels per day of heavy oil and bitumen from the Lloydminster and Cold Lake 
deposits. The primary upgrading technology to be used at the upgrader will be H-Oil ebullaled bed hydrocracking followed by 
delayed coking of the hydrocracker residual. 

Engineering and design of the plant was initiated in June 1984 under terms of an agreement between Husky Oil Operations Ltd. 
and the governments of Canada, Alberta, and Saskatchewan. 

Phase 1 of the project (design engineering and preparation of control estimate) was completed in March 1987. Detailed engineer-
ing and construction were placed on hold pending negotiation of fiscal arrangements with the governments of Canada, Alberta and 
Saskatchewan. 

In May 1988 a tentative azreement was announced involvin g $650 million of government aid, but recuiring Husk y to obtain addi-
tional ecuity participation. 

Project Cost:	 Upgrader Facility estimated at C$1.2 billion 

CALIFORNIA TAR SANDS DEVELOPMENT PROJECT - California Tar Sands Development Corporation (F-06) 

California Tar Sands has developed a downhole hydraulic mining system whereby oil sands occurring at depths from 100 to 600 feet 
will be mined using a hydraulic mining tool. Bitumen will be extracted from the sand using a surface removal process. Operations 
will take place in California, Canada and China. 

Project Cost:	 $547 million 

COLD LAKE PROJECT - l3sso Resources Canada Limited (T-20) 

In September 1983 the Alberta Energy Resources Conservation Board (AERCB) granted Esso Resources Canada Ltd. approval to 
proceed with construction of the first two phases of commercial development on Esso's oil sands leases at Cold Lake. Subsequent 
approval for Phases 3 and 4 was granted in June 1984 and for Phases 5 and 6 in May 1985. 

Shipments of diluted bitumen from Phases 1 and 2 started in July 1995, augmented by Phases 3 and 4 in October, 1985 and Phases 5 
and 6 in May, 1986. During 1987, commercial bitumen production at Cold Lake avenged 60,000 barrels per day. Production in 
early 1988 reached 95,000 barrels per day. A debottlenecking of the first six phases will add 19,000 barrels per day by year-end 
1988, at a cost of $45 million.
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STATUS OF OIL SANDS PROJECT'S (Underline denotes changes since March 1988) 

COMMERCIAL PROJECTS (Continued) 

The AERCB has approved Esso's application to add Phases 7 through 10, which will add another 44,000 barrels per day at an es-
timated cost of $325 million. Detailed engineering is completed and construction has begun. Production will begin in mid-1989. 
Total production by 1991 should reach 139, 	 barrels per day. 

Cyclic steam stimulation.is being used to recover the bitumen. Processing equipment consists of a water treatment and steam gen-
eration plant and a treatment plant which separates produced fluids into bitumen, associated gas and water. Plant design allows for 
all produced water to be recycled. 

Project Cost: Approximately $850 million for first ten phases 

DAPHNE PROJECT - Petro-Canada (1-25) 

Petro-Canada is studying a tar sands mining/surface extraction project to be located on the Daphne leases 65 kilometers north of 
Fort McMurray, Alberta. The proposed project would produce 75,000 barrels per day. Based on mining studies by LorainInterna- 
tional Ltd., engineering studies by Bechtel Canada Ltd., and continuing internal studies by Petro-Canada. The project is expected 
to cost $3.2 billion (Canadian). To date over 350 core holes have been drilled at the site to better define the resource. 

Federal and provincial government agencies have been contacted to discuss reduced royalty and tax schemes, but no agreements 
have been reached. Petro-Canada has also discussed the project with other companies that may be interested in acquiring equity 
shares in the project. 

Currently, the project has been suspended pending further notice. 

Project Cost:	 $3.2 billion (Canadian) 

EARTH PROJECT - Texaco Inc. (1-30) 

Texaco has placed its Diatomite Project, located at McKittrick in California's Kern County, in a standby condition. The Project will 
be reactivated when conditions in the industry dictate. The Company stressed that the Project is not being abandoned, but is being 
put on hold due to the current worldwide energy supply picture. As of March, 1988, the Lurgi pilot unit is being maintained in con-
dition for future operations. 

The Company estimates that the Project could yield in excess of 300 million barrels of 21 to 23 degrees API oil from the oil-bearing 
diatomite deposits which lie at depths up to 1,200 feet. The deposits will be recovered by open pit mining and back filling tech-
niques. 

Project Cost: Undetermined 

ELECTROMAGNETIC WELL STIMULATION PROCESS -. Uentech Corporation, A Subsidiary of ORS Corporation (1-252) 

Universal Energy Corporation of Tulsa, Oklahoma changed the company's name to Oil Recovery Systems (ORS) Corporation in 
June 1986. Through its subsidiary, Uentech Corporation, Universal Energy sponsored research and development at the Illinois In-
stitute of Technology Research Institute (IITRI) on a single-welibore electromagnetic stimulation technique for heavy oil. The 
technique uses the well casing to induce an electromagnetic field in the oil-bearing formation. Both radio frequency and 60 cycle 
electric voltage are used. The radio frequency waves penetrate deeply into the formation while the 60 cycle current creates resistive 
heating. 

The first field test with a commercial well, producing about 20 barrels per day, was put into production in December 1985 in Texas, 
on property owned by Coastal Oil and Gas Corporation. In June 1986, ORS received permits from the Alberta Energy Resources 
Conservation Board, and stimulation started in a recently completed well in the Lloydminster area in Alberta, Canada. This well 
was drilled on Husky Oil Operations Limited acreage in the Wildmere Field. Primary production continued for about 60 days, 
during which the well produced about 6 barrels per day of 11 degrees API heavy oil. The well was then shut down to allow installa-
tion of the ORS electromagnetic stimulation unit. After power was tuned on and pumping resumed on June 10, a sustained 
production of 20 barrels per day was achieved over the following 30 days. The productivity of the well is expected to increase some-
what more as the stimulation operations proceed. The economic parameters of the operation are said to be within the range ex-
pected. 

Process energy costs have been demonstrated at around $1/bbl. A third well will be spudded in the Wildmere Field in November, 
1987. EOR Ltd., a Calgary headquartered ORS affiliate, plans many additonal installations on its own acreage as well as service 
contract installations in the near future.
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since March 1988) 

COMMERCIAL PROJECTS (Continued) 

ORS Corporation participated in two wells drilled in California in 1986 near Bakersfield. Severe sand production problems and 
low initial well productivity prevented a commercial installation although reservoir temperature was demonstrated to increase in 
excess of 150 degrees Fahrenheit. Another ORS affiliate, Pogue Oil Recovery Technologies, drilled an additional well in 1987 on 
the White Wolf farmout From Tenneco Oil. The White Wolf lease, 260 acres, is estimated to contain 28 million barrels of 14-16 de-
gree API oil-in-place. Operations are currently underway and testing continues. 

A demonstration field test is planned to begin in Brazil in late 1987. The test well was initially completed in September 1987. 
Process heating equipment is scheduled to be installed and operating by early December 1987. Testing will last until early March 
1988, at which time ORS, their joint venture partner Azevedo & Truvassos S/A of Sao Paulo, and Petrobras will meet in Rio de 
Janeiro to evaluate the results and negotiate a service/sales contract. The test will be conducted in the Potiguar Basin (Rio Parton 
Field) which contains several oil fields with in-place reserves estimated by Petrobras at 4.4 billion barrels. A successful demonstra-
tion test could potentially lead to several hundred installations within Brazil. 

Universal Energy believes that total lifting costs using its technology could be as low as $3 per barrel. 

Project Cost: 	 Not disclosed 

ELK POINT PROJECT - Amoco Canada Petroleum Company, Ltd. (F-21) 

The Elk Point Project area is located approximately 165 kilometers east of Edmonton, Alberta. Amoco Canada holds a 100 percent 
working interest in 6,600 hectares of oil sands leases in the area. The Phase 1 Thermal Project is located in the NW 1/4 of 
Section 28, Township 55, Range 6 West of the 4th Meridian. 

The primary oil sands target in the area is the Lower Cummings sand of the Mannville Group. Additional oil sands potential is in-
dicated in other Mannville zones including the Colony, Clearwater, and the Sparky. 

Amoco Canada has several development phases of the Elk Point Project. Phase 1 of the Project will involve the drilling, construc-
tion, and operation of a 13-well Thennal Project (one, totally enclosed 5-spot pattern), a continuation of field delineation and 
development drilling and the construction of a product cleaning facility adjacent to the Thermal Project. The delineation and 
development wells are drilled on a 16.19 hectare spacing and are cold produced and/or huff-puff stimulated during Phase 1. 

Construction of the Phase 1 Thermal Project and cleaning facility was initiated in May 1985. The cleaning facility has been opera-
tional since October 1985. Steam injection into the 13-we1l project was initiated in July, 1987. 

In February, 1987, Amoco Canada received approval from the Energy Conservation Board to expand the development of sections 
28 and 29. To begin this continued development, Amoco will drill 35 wells in the north half of section 29, using conventional and 
slant drilling methods. The drilling of the south half of section 29 would be in early 1989 and the drilling of section 28 in 1990. Pad 
facilities construction will commence in early 1988. 

Oil production from current wells at Amoco's Elk Point field totals 900 cubic meters per day. Production with these new wells will 
gradually increase totals to approximately 1,280 cubic meters per day. 

Further development of the Project to the planned second phase will depend on future heavy oil market demand and pricing. 

Project Cost:	 Phase 1 - $50 Million (Canadian) 

ELK POINT OIL SANDS PROJECT - PanCanadian Petroleum Ltd. (17-29) 

PanCanadian received approval from the Alberta Energy Resources Conservation Board (ERCB) for Phase I of a proposed 
3 phase commercial bitumen recovery project in August, 1986. 

The Phase I project, costing C$90 million, would involve development of primary and thermal recovery operations in the Lindbergh 
and Frog Lake sectors near ElkPoint in east-central Alberta. Phase I operations include development of 16 sections of land where 
119 wells were drilled by the end of April. 1988. The steam simulation processes is being evaluated in two sections. 

An additional 160 Phase I wells would be drilled over the project's 20 years life. PanCanadian requested permission to develop two 
sections for steam stimulation of the Cummings sand formation. The wells would be drilled in a seven-spot pattern on 4 hectare 
(10 acre) spacing. PanCanadian expects to develop one-quarter section every two years. Phase I would also include primary 
development of the remaining 14 sections. Of the remainin g 14 sections, nine will be developed on 16 hectare (40 acre) soacint. 
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STATUS OF OIL SANDS PROJECTS (Underline denotes changes since March 1988) 

COMMERCIAL PROJECTS (Continued) 

PanCanadian expects Phase I recovery to avenge 3,000 barrels per day of bitumen, with peak production at 4,000 barrels per day. 
Tentative plans call for Phase II operations starting up in the mid 1990's with production to increase to 6,000 barrels per day. 
Phase 111 would go into operation in the late 1990's, and 300 new wells would be drilled on six sections. Production would increase 
to 12,000 barrels per day. Phases II and Ill would be developed as thermal recovery projects. Alter cyclic steaming, the patterns 
would be converted to steamfloods or fhfloods. 
The schedule originally proposed to the ERCB in 1986 has slipped about three years. 

Project Cost:	 Phase I = C390 Million 

FOREST HILL PROJECT - Greenwich Oil Corporation (T-26) 

Greenwich Oil Company is developing a project which entails modification of existing, and installaton of additional, injection and 
production wells to produce approximately 1,750 barrels per day of 10 degrees API crude oil by a fire flooding technique utilizing 
injection of high concentration oxygen. Construction began in the third quarter 1985. Loan and price guarantees were requested 
from the United States Synthetic Fuels Corporation under the third solicitation. On August 21, 1985 the Board directed their staff 
to complete contract negotiations with Greenwich by September 13, 1985 for an award of up to $60 million. Contract was signed on 
September 24, 1985. Project now has 21 injection wells taking 150 tons per day of 90 percent pure oxygen. The current oil produc-
tion rate is 1,200 barrels per day. 

Project Cost:	 Estimated $423 million 

LINDBERGH COMMERCIAL PROJECT - Dome Petroleum Limited (F-32) 

Dome Petroleum received approval from the Alberta Energy Resources Conservation Board for a commercial project in 
Lindbergh. The project will cover five sections and and was planned to be developed at a rate of one section per year for five 
years. It will employ 'huff-and-puff" steaming of wells drilled on 10 acre spacing, and will require capital investment of ap-
proximately $158 million (Canadian). The project is expected to encompass a period of 12 years and will result in peak production 
of 12,000 barrels of oil per day, which when coupled with production from two experimental plants and additional wells will raise 
the daily area production to about 15,000 barrels per day. 

Due to the dramatic decline of oil prices, drilling on the first phase of the commercial project has been halted after 31 wells were 
completed. These wells have been placed on primary production. Steaming, gathering, and processing equipment was committed 
prior to the oil price decline, and is being stored for use when the oil price recovers. 

Project Cost:	 $158 Million 

LINDBERGH COMMERCIAL THERMAL RECOVERY PROJECT - Murphy Oil Company Ltd. (I'-33) 

Murphy Oil Company Ltd., has completed construction and startup of a 3,000 barrel per day commercial thermal recovery project 
in the Lindbergh area of Alberta. Project expansion to 10,000 barrels per day is planned over nine years, with a total project life of 
30 years. The first phase construction of the commercial expansion involved the addition of 53 wells and construction of an oil 
plant, water plant, and water source intake and line from the north Saskatchewan River. 

Murphy has been testing thermal recovery methods in a pilot project at Lindbergh since 1974. Based on its experience with the 
pilot project at Lindbergh, the company expects recovery rates in excess of 15 percent of the oil in place. Total production over the 
life of this project is expected to be in excess of 12 million cubic meters of heavy oil. 

The project uses the a huff-and-puff process with about two cycles per year on each well. Production is from the Lower Grand 
Rapids zone at a depth of 1,650 feet. Oil gravity is 11 degrees API, and oil viscosity at the reservoir temperature is 
30,000 centipose. The wells are directionally drilled outward from common pads, reducing the number of surface leases and roads 
required for the project. 

Capital cost was $30 million (Canadian) for the initial installations, with about $12 million in capital additions expected for each 
succeeding year to drill and tie in additional wells. Operating expenditures will be in the order of $12 million per year. 

Project Cost:	 $30 million (Canadian) initial capital cost 
$12 million (Canadian) operating costs plus $12 million capital additions annually 
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COMMERCIAL PROJECTS (Continued) 

NEWGRADE HEAVY OIL UPGRADER - NewGradc Energy, Inc., a partnership of Consumers Co-Operative Refineries Ltd. and 
the Saskatchewan Government (17-35.2) 

Site work has been started for the $650 million upgrader project to be built adjacent to the Co-Operative refinery in Regina, Sas-
katchewan. Construction has passed the 65 Percent completion point and is still scheduled for completion in the fall of 1988. 

The 50,0)0 barrels per day heavy oil upgrading project was originally announced in August 1983. 

Co-Operative Refineries will provide 5 percent of the costs as equity, while the provincial government will provide 15 percent. The 
federal government and the Saskatchewan government will provide loan guarantees for 80 percent of the costs as debt. 

NewOrade has selected process technology licensed by Union Oil of California for the upgrader. The integrated facility will be 
capable of producing a full slate of refined products or alternately 30,ODO barrels per day of upgraded crude oil or as will be the ini-
tial case, some combination of these two scenarios. 

Project Cost:	 $650 million 

OSLO GROUP - Esso Resources, Petro-Canada, Canadian Occidental, Gulf Canada, PanCanadian Petroleum, Alberta Oil Sands 
Equity. 

The OSLO group, which has been considering a 75,ODO barrel per day oil sands mining and extraction plant, has undertaken a new 
C$63 million site evaluation program in the Kearl Lake region near Fort McMurray, Alberta, Canada. Core holes will be drilled 
and seismic surveys run in an effort to delineate a suitable facility location. 

The OSLO (Other Six Leases Operating Agreement) group, composed of Esso Resources, Petro-Canada, Canadian Occidental, 
Gulf Canada, PanCanadian Petroleum and Alberta Oil Sands Equity, was formed in 1981 to look at a joint venture surface mining 
project. The group's studies have included plants ranging in size from 15,0DO to 100, barrels per day. To date some $20 million 
has been spent on project studies. 

In late 1987 discussions with the Canadian and Alberta governments were held with the goal of enabling plant construction to begin 
in 1988 and production to be underway in 1994. 

Project Cost: $4 billion estimated 

PEACE RIVER COMPLEX - Shell Canada Limited (17-353) 

Shell Canada Limited expanded the original Peace River In Situ Pilot Project to an average production rate of 10,000 barrels per 
day. The Peace River Expansion Project, or PREP I, is located adjacent to the existing pilot project, approximately 55 kilometers 
northeast of the town of Peace River, on leases held jointly by Shell Canada Limited and Shell Explorer Limited. 

The expansion, at cost of $200 million, required the drilling of an additional 213 wells for steam injection and bitumen production, 
plus an expanded distribution and gathering system. Wells for the expansion were drilled directionally from eight pads. The com-
mercial project includes an expanded main complex to include facilities for separating water, gas, and bitumen; a utility plant for 
generating steam; and office structures. Additional off-site facilities were added. No upgrader is planned for the expansion; all 
bitumen extracted will be diluted and marketed as a blended heavy oil. The diluted bitumen will be transported by pipeline and ini-
tially would be exported to the northern tier refineries in the United States for asphalt production. 

An application to the ERCB received approval in early November 1984. Drilling began in February 1985. Construction began June 
1985. The expansion was on stream October 1986. This expansion is only the first step of Shell's long-term plan to develop the 
Peace River oil sands. 

On January 25, 1988 the Energy Resources Conservation Board approved Shell Canada's application to expand the Peace River 
project from 10,000 barrels per day to approximately 50,000 barrels per day. 

PREP II, as it will be called, entails the construction of a stand-alone processing plant, located about 4 km south of PREP I. PREP 
II would be developed in four annual construction stages, each capable of producing 1,600 cubic meters per day. 

Although Shell has the ERCB'c concurrence in place, the decision to proceed with PREP H will depend on crude oil price stability 
and fiscal terms as they apply to the project. Recent changes in federal tax law have had an impact on the economic viability of 
projects such as PREP II. 

Nevertheless, some preparatory site construction work began in the winter 1987-88, which is the best time of the year to build roads and 
drilling pads in the area. In addition, engineering design is being done so that project construction work can begin shortly after a 
decision to proceed with PREP IT is made. The earliest such a decision would be made is toward the end of 1988. 
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COMMERCIAL PROJECTS (Continued) 

Project Cost: $200 million for PREP I 
$570 million for PREP II 

PRIMROSE LAKE COMMERCIAL PROJECT - Dome Petroleum Ltd. (T-38) 

Dome has proposed a 25,000 barrels per day commercial project in the Primrose area of northeastern Alberta. Dome is earning a 
working interest in certain oil sands leases from Alberta Energy Company. Following extensive exploration, the company under-
took a cyclic steam pilot project in the area, which commenced production in November 1983, and thereby earned an interest in 
eight sections of adjoining oil sands leases. The 41 well pilot was producing 2,000 barrels per day of 10 degrees API oil in 1984. 

The agreement with Alberta Energy contemplates that Dome can earn an interest in an additional 225,000 acres of adjoining oil 
sands lands through development of a commercial production project. The project is estimated to carry a capital cost of at least 
$C1.2 billion and annual operating cost of $040 million. Total production over a 30 year period will be 190 million barrels of oil 
or 18.6 percent of the oil originally in place in the project area. Each year for the first five years Dome will start a new 400 well, 
5,000 barrels per day stage. Each stage will cover four sections with sixteen 26 well slant-hole drilling clusters. Each set of wells 
will produce from 160 acres on six acre spacing. The project received Alberta Energy Resources Conservation Board approval on 
February 4, 1986. 

Due to the dramatic decline in oil prices, the proposed 1986 drilling schedule has been postponed. The project will proceed when 
oil prices return to levels which make the project viable. 

In January 1984, Dome entered into an agreement with Pangaea Petroleum Ltd. and Canadian Hunter Exploration Inc., which per-
mits those companies to earn a total of 25 percent of Dome's interest in the Primrose pilot recovery project and the proposed com-
mercial production facility. Under this agreement, the two companies have reimbursed Dome for approximately $20 million of its 
costs for the pilot recovery project and will pay one-half of future expenditures on the commercial production project. The two 
companies also have the right to earn a 15 percent working interest in any subsequent projects for the recovery of bitumen from the 
Alberta Energy lands. 

Project Cost:	 $1.2 billion (Canadian) capital cost 
$140 million (Canadian) annual operating cost 

SARNIA-LONDON ROAD FIELD MINING ASSISTED PROJECT - Devran Petroleum Ltd. and Shell Canada Ltd. (17-39) 

Devran and Shell Canada are proceeding with a project to recover 2 million barrels of oil from a long-dormant oil field near the 
southern tip of Ontario. Devran operates the mining-assisted oil recovery, project near Sarnia, Ontario. Devran and Shell Canada 
jointly lease approximately 3,900 acres with 1,200 acres in the active field. Known as the Sarnia-London Road Field, the area was 
drilled by Imperial Oil from 1898 to 1901. Production rates from individual wells of two or three barrels of oil per day were re-
corded, with some wells reported to have initial producton rates of over 10 barrels per day. The Sarnia-London Road Field 
produced for 25 years, yielding a significant amount of natural gas with the oil. 

Unit A is the 
first production project, designed to produce oil from approximately 600 acres. A shaft has been sunk to a depth of 

430 feet, and two production stations have been established, one for each of two oil-bearing layers. Facilities to collect the oil and 
pump it to surface are included in these production stations. Conventional surface production facilities including a heater treater, 
tanks for storage of the oil, a service building, and a mine shaft house are in place. 

A total of 120,000 feet of horizontal drilling in the two oil layers will allow oil to flow freely along the paths provided by the holes. 
Production rate is expected to be on the order of 600 barrels daily. Satisfactory results from Unit A could lead to follow-up 
development of a second production facility based around a second shaft on Unit B to be located approximately 1 kilometer 
northwest of Unit A. 

Unit A is being financed by Devout and Shell Canada. Devran received a $475,000 grant from the Federal Ministry of Energy, 
Mines and Resources and a $100,000 grant from the Ontario Provincial government. Financing is also facilitated by the quali-
fication of this project under federal government tax incentives encouraging investment in Canadian petroleum exploration. 

The procedure being applied involves three major steps. First, a mine shaft is sunk to the oil layer. Next, a production station is 
excavated when the shaft passes through or reaches the oil layers (the pay zone). Finally, the production station becomes the site 
from which holes are drilled horizontally in a radial or "wagon wheel" pattern into the pay zone. Each production station with its 
set of wells drains by gravity several hundred acres. The length of these horizontal wells is determined by the formation geometry 
and geological conditions. 

First production from the project commenced in November, 1986 

Project Cost:	 $63 million
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COMMERCIAL PROJECTS (Continued) 

SCOTFORD SYNTHETIC CRUDE REFINERY - Shell Canada limited (T-40) 

The project is the world's first refinery designed to use exclusively synthetic crude oil as feedstock, located northeast of Fort Sas-
katchewan in Strathcona County. 

Initial capacity is 50,000 barrels per day with the design allowing for expansion to 70,000 barrels per day. Feedstock is provided by 
the two existing oil sands plants. The refinery's petroleum products are gasoline, diesel, jet fuel and stove oil. Byproducts include 
butane, propane, and sulfur. Sufficient benzene is produced to feed a 300,000 tonne/year styrene plant. Refinery and petrochemi-
cal plant officially opened September 1984. 

Project Cost: 	 $1.4 billion (Canadian) total final cost for all (refinery, benzene, styrene) plants. 

SUNCOR, INC, OIL SANDS GROUP - Sun Oil Company (72.8 percent), Ontario Energy Resources Ltd. (25 percent), publicly (2.2 
percent) (T-50) 

Suncor Inc. was formed in August 1979, by the amalgamation of Great Canadian Oil Sands and Sun Oil Co., Ltd. In November 
1981 Ontario Energy Resources Ltd., acquired a 25 percent interest in Suncor Inc. 

Suncor Inc. is comprised of three major groups: Resources Group, Sunoco Group, and Oil Sands Group. The Resources Group is 
sub-divided into three divisions: Exploration, Production, and Marketing and Business Management. The Sunoco Group refines 
and markets petroleum products. The Oil Sands Group is explained in the following paragraphs. 

Oil Sands Group operates a commercial oil sands plant located in the Athabasca bituminous sands deposit 30 kilometers north of 
Fort McMurray, Alberta. It has been in production since 1967. A four-step method is used to produce synthetic oil. First, over-
burden is removed to expose the oil-bearing sand. Second, the sand is mined and transported by conveyors to the extraction unit. 
Third, hot water and steam are used to extract the bitumen from the sand. Fourth, the bitumen goes to upgrading where thermal 
cracking produces coke, and cooled vapors form distillates. The distillates are desulfurized and blended to form high-quality syn-
thetic crude oil, most of which is shipped to Edmonton for distribution. 

Current estimated remaining reserves of synthetic crude oil are 370 million barrels. 

In October, 1987, production was interrupted by a fire which started on a conveyor belt. Partial production was resumed in January 
1988, with nearly full production of 55,ODO barrels per day expected in April. However, rebuilding will not be complete until Sep-
tember 1988. At that time, an expansion of capacity to 63,000 barrels per day will be finished. Suncor will also increase its upgrad-
ing capacity by an additional 10,ODO barrels per day to a total of 73,000 barrels per day. 

Project Cost:	 Not disclosed 

SUNNYSIDE PROJECT - Amoco Production Company (T-600) 

Amoco Corporation is continuing to study the feasibility of a commercial project on 1,120 acres of fee property and 9,600 acres of 
combined hydrocarbon leases in the Sunnyside deposit in Carbon County, Utah. Research is continuing on various extraction and 
retorting technologies. The available core data are being used to determine the extent of the mineable resource base in the area 
and to provide direction for any subsequent exploration work. 

A geologic field study was completed in September 1986; additional field work was com pleted in 1987. In response to Mono Power 
Company's solicitation to sell their (federal) lease interests in Sunnyside tar sands, Amoco Production acquired Mono Power's 
Combined Hydrocarbon Leases effective August 14, 1986. Amoco is continuin g due diligence efforts in the field in 1988. This work 

Project Cost:	 Not disclosed 

SUNNYSIDE TAR SANDS PROJECT - (INC Tar Sands Corporation (T-590) 

A 240 tons per day (120 barrels per day) tar sands pilot was built by (INC in 1982 in Salt Lake City, which employs ambient water 
flotation concentration which demonstrated that tar sands could be concentrated by selective flotation from 8 percent bitumen as 
mined to a 30 to 40 percent richness.
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COMMERCIAL PROJECTS (Continued) 

Chevron in 1983 built and operated a solvent leach unit that, when added in back of a flotation unit at Colorado School of Mines 
Research Institute in Denver, produced a bitumen dissolved in a kerosene solvent with a ratio of 1:3 which contained 5 percent ash 
and water. Chevron also ran a series of tests using the solvent circuit first followed by flotation and round it to be simpler and 
cheaper than the reverse cycle. 

Kellogg, in a series of tests during 1983/1984, took the product from the CSMRI tests and ran it through their Engelhard ARTCAT 
pilot plant in Houston and produced a 27 degrees API crude out of the 10 percent API bitumen, recycled the solvent, and 
eliminated the ash, water, and 80 percent of the metals, nitrogen, and sulfur. 

Today ONC has a complete process that on tests demonstrates % to 98 percent recovery of mined bitumen through the solvent and 
flotation units and converts 92 percent of that stream to a 27 degrees API crude with characteristicsbetween Saudi Light and Saudi 
Heavy. 

GNC has 2,0(X) acres of fee leases in the Sunnyside deposit that contain an estimated 307 million barrels of bitumen. It has applied 
to BLM for conversion of a Sunnyside oil and gas lease to a combined hydrocarbon lease. The first commercial facility will be 
7.500 barrels per day. In response to a solicitation by the United States Synthetic Fuels Corporation (SIC) for tar sands projects 
that utilize mining and surface processing methods, ONC requested loan and price guarantees of $452,419,000. Construction would 
start in the third quarter 1986 with first production in the first quarter 1989. On November 19, 1985 the SFC determined that the 
project was a qualified candidate for assistance under the terms of the solicitation. 

On December 19, 1985, the SFC was cancelled by Congressional action. GNC is now attempting to finance independently of 
United States government assistance. Studies have been completed by M. W. Kellogg and En gelhard indicating feasibility, after the 
decline in prices beginning in January 1986 of a 7,500 barrels per day plant which converts the ART-treated bitumen to 31 percent 
gasoline and 69 percent diesel. The 7,500 barrels per day plant includin g upgrading to products, with some used equipment, would 
cost $149 million. 

Project Cost:	 $149 million for 7,5(X) barrels per day facility 

SYNCRUDE CANADA, LTD. - Esso Resources Canada Limited (25.0 percent); Petro-Canada Inc. (ItO percent); Alberta Oil Sands 
Equity (16.74 percent); Canadian Occidental Petroleum Ltd. (13.23 percent); Alberta Energy Company (10.0 percent); Gulf Canada Cor-
poration (9.03 percent); HBOG Oil Sands Limited Partnership (5.0 percent); PanCanadian Petroleum Limited (4.0 percent) ('1-60) 

Located near Ft. McMurray, the Syncrude surface mining and extraction plant has a current capacity of 130,000 barrels per calen-
dar day. Mining-electric draglines; extraction-hot water flotation process; upgrading-two fluid cokers. In 1979, 18 million barrels of 
synthetic crude were delivered. Production in 1980 was over 28 million barrels; production in 1981 was over 29.7 million barrels. 
The 1982 production figure was 31.32 million barrels, and 1983 was 40.8 million barrels, 1984 was 31.2 million barrels, 1985 was 
46.7 million barrels and 1986 was 47.4 million barrels. Mining utilizes four draglines and four bucketwheels. Syncrude's staff is 
4,200. A debottlenecking and capacity addition project (expansion) will increase synthetic crude oil production to 150,000 barrels 
per day. The expansion is expected to be complete by the end of 1988. 

In early 1987 Syncrude filed an application with the Alberta Energy Resources Conservation Board for a $4 billion Phase Three ex-
pansion. The company submitted the application to get the ERCE's preliminary approval, but a decision to go ahead with the third 
expansion phase is probably still several months away. The decision will be based on oil prices, crude reserves and royalty agree-
ments. 

If Syncrude decides to go with the project, it would be completed in 1993 and boost the plant's output by 50 percent to 225,000 bar-
rels per day, which would be 15 percent of Canada's total crude production. 

Project Cost: 	 Total cost $2.3 billion (1978 cost) 

WOLF LAKE PROJECT - BP Canada Resources Ltd. and Petro-Canada (17-680) 

Located 30 miles north of Bonnyville near the Saskatchewan border, on 75,000 acres, the Wolf Lake commercial oil sands project (a 
joint venture between BP Canada Resources Ltd. and Petro-Canada) was completed and began production in April 1985. Produc-
tion at designed capacity of 7,000 barrels per day was reached during the third quarter 1985. The oil is extracted by the "huff-and-
puff" method. Nearly two hundred wells were drilled initially, then steam injected. As production from the original wells declines 
more wells will be drilled. 

Twenty-two wells were drilled in 1981 to determine a site for the plant. Application to the ERCB was approved in September 1982. 
An EPC contract for the Central Plant was awarded to Saturn Process Plant Constructors Ltd., in August 1983. Construction was 
complete in the first quarter 1985, 53 months ahead of schedule. Drilling of wells began October 15, 1983 and the initial 192 wells 
were complete in early July 1984, 73 months ahead of schedule.
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COMMERCIAL PROJECTS (Continued) 

An estimated 720 wells will be needed over the expected 25-year life of the Project. Because the site consists mostly of muskeg, the 
wells will be directionally drilled in clusters of 20 from special pads. The bitumen is heavy and viscous (10 degrees API) and thus 
cannot be handled by most Canadian refineries. There are no plans to upgrade the bitumen into a synthetic crude; much of it will 
probably be used for the manufacture of asphalt or exported to the northern United Slates. 

The project is going ahead largely due to tax and royalty concessions by both federal and provincial governments. In early 1983 the 
Canadian federal government announced that new oil sands and heavy oil projects would be exempted from the Petroleum and Gas 
Revenue Tax until capital costs have been recovered. The Alberta government has indicated that during the early years of the 
project the province will levy only a nominal royalty. This royalty initially could be as little as 1 percent, possibly increasing to as 
much as 30 percent of net profits once the project sponsors recover their investment. 

BP and Petro-Canada are now exploring options for future plants on the Marguerite Lake leases. During the winter of 1984/1985 
an extensive delineation drilling program was carried out which identified possible areas for future developments. 

Wolf Lake Phase 2 would be followed by Phases 3 and 4. BP's production target is 7,000 cubic meters per day in the 1990s 
(44,000 barrels per day). In January, 1987 the Alberta ERCB approved BP Canada's application for Phase 2. In June 1987 the 
companies announced their intention to proceed. 

In November 1987, the project was producing bitumen and a program designed to expand production by 2,400 cubic meters per day 
to 3,700 cubic meters per day, total bitumen production was well advanced. The major contract for the central plant was let to 
Fluor Corporation in October, 1987. 

Project Cost: Wolf Lake 1
$114 million (Canadian) initial capital 
(Additional $750 million over 25 years for additional drilling) 

Wolf Lake 2
$200 million (Canadian) initial capital 

R & D PROJECTS 

ABC COLD LAKE PILOT - Alberta Oil Sands Technology and Research Authority (AOSTRA), Bow Valley Industries Ltd., (1745) 

The project is operated by Bow Valley Industries Ltd. The process utilizes superheated steam, carton dioxide, and chemicals to 
recover bitumen from the Clearwater formation. This technology was developed by Cannel Energy of Houston, and partially 
tested in heavy oil fields in the United States. 

The first phase involved drilling seven wells directionally from a single pad, in a hexagonal configuration. A second phase consist-
ing of a 9-well pad has been in operation since early 1987. 

The project is located on a Gulf Canada lease in the Cold Lake area of Alberta, Canada on which Gulf operated a 6 well pilot 
several years ago. Bow Valley has a farm-in arrangement with Gulf and utilizes some of the surface facilities built for the Gulf 
Pilot. 

Steam injection began in mid-January 1985. Steam, carbon dioxide, and other chemicals are injected and the well is left to soak for 
a period of time. Gas migrates out of the heated zone into the cold oil zone, goes into solution in the oil, reducing its viscosity. 
The well is then put on production with back pressure and the gas comes out of solution to provide a gas depletion drive 
mechanism. After the individual wells achieve link-up' with this cyclic procedure, the pilot may be converted to a steam drive. 
Carton dioxide is trucked in to the pilot facility. 

Project Cost: 	 $15 million for the first phase 
$13 million for the second phase 

ATHABASCA IN SITU PILOT PROJECT (Kearl Lake) - Alberta Oil Sands Technology and Research Authority, Canterra Energy 
Ltd., Tenneco Oil of Canada, Ltd. (T-130) 

The Canterra/TECAN/AOSTRA steamllood pilot commenced operation during December 1981 in one of its two patterns. The 
first pattern consists of 6 producers, 7 injectors, S observation wells inside the pattern and 3 outside the pattern, 3 water source 
wells and 3 water disposal wells. A 'modified' second pattern was started up in 1984. The modification consists of four new wells 
drilled to form a single 9-spot pattern with S producers and 1 injector. There are 2 observation wells inside the pattern and 4 out-
side the pattern. In 1987, the second pattern was expanded with the addition of 4 producers, 2 injectors, and 2 observation wells. 
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R & D PROJECTS (Continued) 

Due to the decline in crude oil prices, the total field program could not be maintained. The first pattern's steam injection was ter-
minated in September 1986. The expanded second pattern was started up in 1987. Results have been encouraging. 

Project Cost: 	 $125 million (estimate) 

BATRUM IN SITU WET COMBUSTION - Mobil Oil Canada, Ltd. Unocal Canada Limited, Saskoil, Husky Oil Ltd., Hudson's Bay 
Oil and Gas (T-135) 

Mobil Oil Canada initiated dry combustion in the Battrum field in the Swift Current producing area of Saskatchewan in 1965 and 
converted to wet combustion in 1978. 

In 1987 Mobil began a P2 million expansion program to increase oil production from three in situ wet combustion units. 

This expansion includes drilling additional wells; converting some of the wells to air/water injection; recompleting existing wells, 
and upgrading surface production and air injection facilities. 

At Battrum Unit 1 the drilling of 14 new wells and iznition of 8 new bums has been completed. In addition, 14 existing wells 
been recompleted. Overall completion is expected in mid-1988. At Unit 2, the drilling of 11 new welts and ianition of one new 
itrn has been completed. Surface production facilities serving both units are also being upgraded. 

In total, L16 million is being spent on these two projects. Costs will be shared by the companies participating in these projects. At 
Unit 1, participants are: Mobil Oil Canada, Ltd. 49 percent; Unocal Canada Limited 31 percent; and Saskoil 20 percent. At Unit 
2, participating companies are; Saskoil 46 percent; Mobil Oil Canada, Ltd. 27 percent; Unocal Canada Limited, 16 percent; and 
Husky Oil Ltd. 11 percent. 

The air injection plant is also being upgraded to meet the increased demand. Work is expected to be completed by August 1988. 

The expansions have increased total oil production from the three units by more than 2 	 barrels per day. 

Project Cost:	 million 

BEAVER CROSSING THERMAL RECOVERY PILOT - Chevron Canada Resources (T-140) 

The original project, a single-well experimental in situ project located at 36-61-2-W4M, was terminated in 1975. ERCE approval No. 
2269 was issued April 18, 1977 for a 7-well cyclic experimental scheme for the recovery of crude bitumen from the Cold Lake Oil 
Sands Deposit. This approval was amended to locate the pilot in Section 31-61-1 W4. Construction began in early May 1977 with 
operation commencing in March 1978. Approval was further amended in November 1981 to convert to drive operation and extend 
expiration to 12/31/1984. Project consists of six producing wells, one steam injection well and eight temperature observation wells. 
A steam drive-producing well stimulation procedure is followed utilizing a 25 million BTU per hour generator. Ceased steam injec-
tion at end of 1984. Started heat scavenge phase in January 1985, by injecting all produced and make-up water. 

The project was finally shut-in October 1, 1985 and is presently in suspended status. 

Project Cost:	 $14 million (estimated) 

CANMEr HYDROCRACKING PROCESS - Petro-Canada and Part" Lavalin Inc. (17-175) 

A novel hydrocracking process for the unnadinz of bitumen, heav y oil and residuum has been developed at 
Mineral and Energy Technology (CANMET). This CANMEI' Hydrocracking Process is a sinte-sta ge. hi2t 
fective for the conversion of 90 weight percent of the pitch in heavy feedstocks to distillate boiling below 5. 
defined as material boiling above 524 degrees C.) An additive is used which acts as a coke prevent 

In 1979, Petro-Canada acquired an exclusive right to license the process. Petro-Canada formed a working partnership with Partec 
Lavalin Inc., a Canadian engineering company, for the marketing of the technology and the design and construction of a 
S,(XY) barrels per stream day demonstration plant at the Petro-Canada refinery in Montreal. 
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R & D PROJECTS (Continued) 

Construction and commissioning of the extensively instrumented demonstration unit was completed in 1985. Upon startup, the 
unit was operated in the hydrovisbreaking mode. Without additive, 30 weight percent pitch conversion was achieved. In May 1986, 
introduction of additive led to the achievement of 80 weight percent pitch conversion without coking. This test proved the benefi-
cial effect of the additive in achieving high conversions. 

Two scheduled shutdown and subsequent unit inspections show no corrosion or material problems. 

The high conversion Canmet HC process has been successfully demonstrated and is now available for commercial application. 
Patent protection and process guarantees are provided by the licensors. 

Project Cost: 	 Not disclosed 

CELTIC HEAVY OIL PILOT PROJECT - Mobil Oil Canada, Ltd. (T-200) 

Mobil's heavy oil project is located in 132 and Rfl, W3M in the Celtic Field, northeast of Ijoydminster. The pilot consists of 25 
wells drilled on five-acre spacing, with twenty producers and five injectors. There is one fully developed central inverted nine-spot 
surrounded by four partially developed nine-spots. The pilot was to field test a wet combustion recovery scheme with steam 
stimulation of the production wells. 
Air injection, which was commenced in October 1980, was discontinued in January 1982 due to operational problems. An intermit-
tent steam process was initiated in August 1982. The seventh steam injection cycle commenced in January, 1987 and operations are 
continuing. 

Project Cost: 	 $21 million (Canadian) (Capital) 

CHARLOTTE LAKE PROJECT - Canadian Worldwide Energy Ltd., and others (T-205) 

Canadian Worldwide currently holds a 25 percent working interest in this 8,960 acre property located approximately 12 miles 
southeast of the town of Bonnyville. An agreement has been reached with Husky Oil Operations Ltd., to proceed with a $5 million 
Pilot project to be completed by December 31, 1987. By completing this work, Husky will earn one-half of Canadian Worldwide's 
25 percent interest. Two wells have now been drilled and tested by steam cycling. Production From the first well was very en-
couraging, however, results from the second well were below expectations. As a result of this, along with continued low oil prices, 
further field work has been postponed. Agreement has been reached to extend the completion deadline to December 31, 1988. 

Project Cost:	 $5 million 

CIRCLE CLIFFS PROJECT - Kirkwood Oil and Gas (1-220) 

Kirkwood Oil and Gas is presently forming a combined hydrocarbon unit to include all acreage within the Circle Cliffs Special Tar 
Sand Area, excluding lands within Capitol Reef National Park and Glen Canyon National Recreational Area. 

Project Cost: Not disclosed 

COLD LAKE STEAM STIMULATION PROGRAM - Mobil Oil Canada, Ltd. (T-230) 

A stratigraphic test program conducted on Mobil's 75,00) hectares of heavy oil leases in the Cold Lake area resulted in ap-
proximately 10 holes drilled to date. Heavy oil zones with a total net thickness of 30 meters have been delineated at depths be-
tween 290 and 460 meters. This pay is found in sand zones ranging in thickness From 2 to 10 meters. 

Single well steam stimulations began in 1982 to evaluate the production potential of these zones. Steam stimulation testing was 
subsequently expanded from three single wells to a total of eleven single wells in 1985. Various zones are being tested in the Upper 
and Lower Grand Rapids formation. The test well locations are distributed thrnrwhntit Mnhil'c lnc.c in Tnwnchiac Al A LA .A 
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Only three wells, all multi-zone completions, are still in operation in 1988; the remainin g wells were suspended at the conclusion of 
their testinc Dronams. Beginning in Jul y. 1988, Mobil plans to test three additional multi-zone wells in the Iron River area. 

Project Cost:	 Not disclosed 

DONOR REFINED BITUMEN PROCESS - Gulf Canada Limited, the Alberta Oil Sands Technology and Research Authority, and 
L'Association pour Is Valorization des Huiles Loonies (ASVAHL) (1'-247) 

An international joint venture agreement has been signed to test the commercial viability of the Donor Refined Bitumen (DRE) 
process for upgrading heavy oil or bitumen. 

About 12,000 barrels of Athabasca bitumen from the Syncrude plant were shipped to the ASVAHL facilities near Lyon, France. 
Beginning in October 1986 tests were conducted in a 450 barrel per day pilot plant. Engineering and economic evaluations are to be 
completed by the end of 1987. 

ASVAHL is a joint venture of three French companies—Elf Aquitaine, Total-Compagnie Francaise de Raffinage, and Institut Fran-
caise du Petrole. The ASVAHL test facility was established to study new techniques, processes and processing schemes for upgrad-
ing heavy residues and heavy oils at a demonstration scale. 
The DRB process entails thermally cracking a blend of vacuum residual and a refinery-derived hydrogen-rich liquid stream at low 
pressure in the liquid phase. The resulting middle distillate fraction is =hydrogenated with conventional fixed bed technology and 
off-the-shelf catalysts. 

Project Cost:	 Not disclosed 

ENFEX SYNTARO PROJECT - ENPEX Corporation, Texas Tar Sands, Ltd. (Getty Oil Company, Superior Oil Company, M. H. Whit-
tier Corporation - Limited Partners; ENFEX Corporation and Ray M. Southworth - General Partners) (T-260) 

ENPEX Corporation has operated Texas Tar Sands, Limited's 400 barrels per day San Miguel tar sands recovery project. The 
project has been on-line since January 1984 and produced San Miguel tar at rates of above 500 barrels per day. The project utilizes 
a 50,000 pound per hour fluidized bed coal combustor to provide steam for a steam drive process. Daily production rates in excess 
of 500 barrels per day were achieved. Tar sales were approximately 150 to 200 barrels per day. 

The plant is shut down due to current oil prices. The fluidized bed combustion system and oil processing unit are available for 
operations elsewhere. 

Project Cost: 	 Not disclosed 

ESSO COLD LAKE PILOT PROJECTS - Esso Resources Canada Ltd. (T-270) 

Esso operates two steam based in situ recovery projects, the May-Ethel and Leming pilot plants, using steam stimulation in the 
Cold Lake Deposit of Alberta. Tests have been conducted since 1964 at the May-Ethel pilot site in 27-64-3W4 on Esso's Lease No. 
40. Esso has sold these data to several companies. Esso's Laming pilot is located in Sections 4 through 8-65-3W4. The Laming 
pilot uses several different patterns and processes to test future recovery potential. Esso expanded its Leming field and plant 
facilities in 1980 to increase the capacity to 14,000 barrels per day at a cost $60 million. A further expansion costing $40 million 
debottlenecked the existing facilities and increased the capacity to 16,000 barrels per day. By 1986, the pilots had 500 operating 
wells. Approved capacity for all pilot projects is currently 3,100 cubic meters per day—i.e., about 19500 barrels per day of bitumen. 

Major prototype facilities for the commercial-scale Cold Lake Project will continue to be tested including three 175,000 pounds per 
hour steam generators, and a water treatment plant to convert the saline water produced with the bitumen into a suitable feedwater 
for the steam generators. Additionally, the pilots serve as a testing area for optimizing the parameters of cyclic steam stimulation 
as well as follow-up on new recovery methods. Esso has been granted a five-year extension to their pilot license for Laming. 

(See Cold Lake in commercial projects listing) 

Project Cost:	 $260 million 

EYEHILL IN SITU STEAM PROJECT - Canadian Occidental Petroleum. Ltd., Texaco Canada Resources Ltd. and Murphy Oil Com-
pany Ltd. (T-280) 

The experimental pilot is located in the Eyehill field, Cummings Pool, at Section 1640-28-W3 in Saskatchewan six miles north of 
Macklin. The pilot consists of nine five spot patterns with 9 air injection wells, 24 producers, 3 temperature observation wells, and 
one pressure observation well. Infill of one of the patterns to a nine-spot was completed September 1, 1984. Five of the original 
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R & D PROJECTS (Continued) 

primary wells that are located within the project area were placed on production during 1984. The pilot covers 180 acres. Ignition 
of the nine injection wells was completed in February 1982. The pilot is fully on stream. Partial funding for this project was 
provided by the Canada-Saskatchewan Heavy Oil Agreement Fund. The pilot was given the New Oil Reference Price as of April 1, 
1982. 

The pilot has 40 feet of pay with most of the project area pay underlain by water. Reservoir depth is 2,450 feet. Oil gravity is 14.3 
degrees API, viscosity 2,750 Cp at 70 degrees F, porosity 34 percent, and permeability 6,000 and. 

Project Cost: 	 $15.2 million 

FT. KENT THERMAL PROJECT - Suncor, Inc. and Worldwide Energy Corporation (1-290) 

Canadian Worldwide Energy Ltd. and Suncor, Inc., have developed heavy oil deposits on a 4,960 acre lease in the Fort Kent area of 
Alberta. Canadian Worldwide holds a 50 percent working interest in this project, with Suncor as operator. This oil has an average 
gravity of 125 degrees API, and a sulfur content of 35 percent. The project utilizes huff and puff, with steamdrive as an additional 
recovery mechanism. The first steamdrive pattern was commenced in 1980, with additional patterns converted from 1984 through 
1988. Eventually most of the project will be converted to steamdrive. 

A total of 126 productive wells are included in this project, including an 8 well cluster drilled in late 1985. Five additional develop-
ment well locations have been identified. Approximately 73 wells are now operating, including 4 wells which had previously been 
shut-in due to low oil prices. With production averaging 1,800 barrels per day. Further development work, including tying-in the 
Swells most recently drilled, has been delayed. Ultimate recoveries are anticipated to be greater than 21 percent with recoveries in 
the 26 percent range in the steamflood areas expected. 
Because of the experimental work being carried out, this project qualifies for a reduced royalty rate of only 5 percent. Canadian 
Worldwide's share of the project costs to date is approximately $35 million (Canadian). 

Project Cost: See Above 

FOSTERTON N.W. IN SITU WET COMBUSTION - Mobil Oil Canada Ltd. (T-295) 

Mobil operates a pilot in the watered-out Fosterton Northwest reservoir: The dry combustion scheme, commenced in 1970, was 
converted to wet combustion in 1977. The pilot was expanded to two burns in 1983, and injection rates were increased, 

Project Cost: 	 Not Disclosed 

GLISP PROJECT - Amoco Canada Petroleum Company Ltd., AOSTRA, and Petro-Canada Ltd. (T-297) 

The Gregoire Lake In Situ Steam Pilot (GUSP) Project is an experimental steam pilot located at Section 2-86-7W4. The par-
ticipants are Amoco (125 percent), AOSTRA (75 percent), and Petro-Canada Inc. (125 percent). Other parties may participate 
by reducing AOSTRA's ownership, The lease ownership is shared jointly by Amoco (85 percent) and Petro-Canada (15 percent). 
Amoco is the operator. The production pattern will consist of a four-spot geometry with an enclosed area of 0,28 hectacres 
(0.68 acres). Observation wells will also be drilled. The process will test the use of steam and steam additives in the recovery of 
highly viscous bitumen (1 x 10 million cP at virgin reservoir temperature). In the absence of natural injectivity, a special fracturing 
technique will be used. Sophisticated seismic methods and other techniques will be used to monitor the in situ process. 

Reservoir selection, evaluation studies, and construction are complete. The project began operation in September 1985 and was 
onstream in the Fall 1986. 

Project Cost:	 $22 million (Canadian) 

GROSMONT THERMAL RECOVERY PROJECT - UNOCAL Canada Limited (1-300) 

Since 1975, Union has operated seven in situ steam tests and two in situ combustion tests in the Grosmont formation of Alberta's 
carbonate heavy oil deposit. In 1982, a new single five spot pattern was tested using stimulation and drive processes in section 28-
87-19 W4. At present 2 single well huff and puff pilots are still in operation. Participants in this project include the Alberta Oil 
Sands Technology and Research Authority (50 percent), Canadian Superior Oil Ltd. (25 percent) and Union Oil Company of 
Canada Limited (25 percent). The project has now been mothballed. 

At the pilot site, the Grosmont formation is a consolidated, highly porous dolomite of Devonian age. 

Project Cost:	 Not disclosed
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HANGING STONE PROJECT - Petro-Canada, Canadian Occidental Petroleum Ltd., Esso Resources Canada Limited and Japanese 
Canadian Oil Sands (T-700) 

The Hanging Stone Project is located 50 km south of Fort McMurray, Alberta. The project involves single well tests of in situ 
bitumen recovery by steam stimulation. Three wells have been tested for injection and recovery. Ten additional wells were drilled 
in the winter of 1987-88 to Further delineate the zone of interest. Although continuous production has been achieved, the 
project/process is not commercial at this time. 

Total land holding for the project is one-half million hectares. 

Project Cost:	 Not formulated. 

IRON RIVER PILOT PROJECT - Mobil Oil Canada Ltd. (T-690) 

Prolect Cost:	 $14 million 

JET LEACHING PROJECT - 81' Resources Canada Ltd. (F-396) 

81' Resources Canada Ltd. began in February 1988 an experimental in situ bitumen separation project at the Ells River area north 
of Fort McMurray, Alberta. 

The process, called jet leaching, involves high-rate injection of water into a tar sand formation so that the agitation of the injected 
fluid cuts the tar sand and separates the bitumen. The injected water contains chemicals that cause the sand particles to ag-
glomerate, further aiding the separation process. 

The bitumen-laden fluid is brought to the surface in a typical production well while the sand particles remain in the formation. BP 
expects the fluid to be in the form of a froth in which the bitumen will float to the surface. Excess fluid will be discarded. 

The project involves drilling tour wells, in which casing will be run to the top of the formation. The jet injection device will be 
lowered into the uncased bottom for injection of the water. A single jet is pointed into the formation, and is rotated during injec-
tion in order to contact the entire formation exposed in the weHbore. 

The fluid injection rate probably will be in the range of 15-25 barrels per hour at a fluid temperature of 175 degrees F. 

The pilot targets the McMurray tar sands at a depth of 220 to 260 feet. 

Project Cat: (500,000 

KENOCO PROJECT - Kenoco Company ([-340) 

The Kenoco Company, the successor to the Kensyntar Company, is developing a heavy oil project in Western Kentucky. The prin-
cipals of Kenoco acquired the interests of Pittston Synfuels, a partner in Kensyntar, in December 1984. A pilot was successfully 
operated from the summer 1981 through 1983 and produced over 6,400 barrels of heavy oil using a modified wet fireflood proms. 
The operation was stopped before completion of the burn in 1983 to obtain core data on the test pattern. Sixteen core holes were 
drilled and analyzed. 
Plans are being developed to expand to a 400 to 700 barrels per day multi-pattern operation, and over a period of 5 to 6 years to a 
10,000 barrels per day operation. Timing is not yet finn pending stabilization of oil prices. 

Project Cost:	 Not disclosed
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LINDBERGH STEAM PROJECT - Murphy Oil Company, Ltd. (17.360) 

Experimental in situ recovery project located at 13-58-5 W4, Lindbergh, Alberta, Canada. The pilot produces from a 60 foot thick 
Lower Grand Rapids formation at a depth of 1650 feet. The pilot began with one inverted seven spot pattern enclosing 20 acres. 
Each well has been steam stimulated and produced roughly eleven times. A steam drive from the center well was tested from 1980 
to 1983 but has been terminated. Huff-and-puff continues. Production rates from the seven-spot area have been encouraging to 
date, and a 9 well expansion was completed August 1, 1984, adding two more seven spots to the pilot. Oil gravity is 11 degrees API 
and has a viscosity of 30,000 Cp at 70 degrees F. Porosity is 33 percent and permeability is 2500 rod. 

(Refer to the Lindbergh Commercial Thermal Recovery Project (T-33) listed in commercial projects.) 

Project Cost: 	 $7 million to date 

LINDBERGH THERMAL PROJECT - Dome Petroleum Limited (F-370) 

Dome Petroleum Limited has completed a 56 well drilling program in section 18-55-5 W4M in the Lindbergh field in order to 
evaluate an enriched air and air injection fire flood scheme. The project consists of nine 30 acre, inverted seven spot patterns to 
evaluate the combination thermal drive process. The enriched air scheme involves three 10-acre patterns. 

Air was injected into one pattern to facilitate sufficient burn volume around the wellbore prior to switching over to enriched air in-
jection in July 1982. Oxygen breakthrough to the producing wells resulted in the shut down of oxygen injection. A concerted plan 
of steam stimulating the producers and injecting straight air into this pattern was undertaken during the next several years. En-
riched air injection was reinitiated in this pattern in August 1985. The blend-up process has been completed with present injection 
rate at 110 million cubic feet per day of 100 percent pure oxygen. The burning in this pattern is proceeding without any oxygen 
breakthrough. 

When the oil price recovers, the two additional patterns will be ignited and blended to 100 percent pure oxygen 

Project Cost: 	 $22 million 

MARGUERITE LAKE 'B' UNIT EXPERIMENTAL TEST - Alberta Oil Sands Technology and Research Authority 
-33-1/3 percent; BP Resources Canada Ltd. - 33-1/3 percent; Petro-Canada - 33-1/3 percent (T-395) 

BP Resources Canada Ltd. and Alberta Oil Sands Technology and Research Authority(AOSTRA) entered into an agreement in 
1982 whereby they would test the potential for producing bitumen from the heavy oil deposits in the Cold Lake area of north-
eastern Alberta. The project consists of one cyclic steam stimulation well and two observation wells in the 810 sand of the Lower 
Grand Rapids Formation (B Unit), and commenced in 1982. Initially only one cycle of steam stimulation was considered. The 
project deadline was extended to the end of 1986, consisting of four cycles. The results of the single-well test proved that the 810 
sand has significant cyclic steam potential. (See Wolf Lake Project listed in commercial projects.) 

This test has now been completed and the project has been suspended. 

Project Cost:	 $4.2 million (Canadian) 

MINE-ASSISTED PILOT PROJECT - (see Underground Test Facility Project) 

MORGAN COMBINATION THERMAL DRIVE PROJECT - Dome Petroleum Company (F-420) 

Dome Petroleum Limited has completed a 44 well drilling program in Section 35-51-4 W4M in the Morgan field in order to 
evaluate a combination thermal drive process. The project consists of nine 30-acre seven spot patterns. Currently, 40 wells have 
been steam stimulated. The producers in these patterns have received multiple steam and air/steam stimulations to provide for 
production enhancements and oil depletion prior to the initiation of burning with air as the injection medium. To date, six of the 
nine patterns have been ignited and are being pressure cycled using air injection. 

Project Cost: 	 $20 million
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PCEJ PROJECTS - Canada-Cities Service Ltd., Esso Resources Canada, Ltd., Japan Canada Oil Sands, Ltd., and Petro-Canada (T460) 

Project is designed to investigate the extraction of bitumen from Athabasca Oil Sands using an in situ recovery technique. A three 
phase 15 year farmout agreement has been executed with Japan Canada Oil Sands, whereby Japan Canada Oil Sands could earn an 
undivided 25 percent in 34 leases covering 1.2 million acres in the in situ portion of the Athabasca Oil Sands by contributing a mini-
mum of $75 million. Japan Canada Oil Sands has completed its interest earning obligation for Phase I by contributing $30.8 mil-
lion. 

Phase II, designed initially to further test and delineate the resource, is now underway. This phase includes a multi-cycle single well 
steam simulation test at 13-27-84-11 W4 which has completed its four-cycle test program and a second multi-cycle single well steam 
stimulation test at 16-2744-11 W4 in its seventh production cycle. A third multicycle single well steam stimulation test at 4-35-84-
11 W4 is in its fourth cycle. 

Project Cost:	 Not disclosed 

PELICAN-WABASCA PROJECT - Gulf Canada Corporation (T480) 

Construction of firellood and steamflood facilities is complete in the Pelican area of the Wabasca region. Phase I of the project 
commenced operations in August 1981, and Phase II (fireflood) commenced operations during September 1982. The pilot consists 
of a 31-well centrally enclosed 7-spot pattern plus nine additional wells. Oxygen injection into two of the 7-spot patterns was in-
itiated in November 1984. Six more wells were added in March 1985 that completed an additional two 7-spot patterns. In April 
1986, the fireflood operation was shut down and the project convened to steam stimulation. Sixteen pilot wells were cyclic 
steamed. One pattern was converted to a steam drive, another pattern converted to a water drive. Remaining wells retained on 
production. In January/February 1986, 18 new wells were drilled and put on primary production. Cyclic steaming was undertaken 
in February 1987. The waterflood on the pilot ceased operation in April, 1987. Cyclic steaming of the producing wells on the 
7-spot steamflood project south of the pilot continues and startup of the steamflood was initiated in fall 1987. 

Project Cost:	 Not Specified 

PROVOST UPPER MANNVILLE HEAVY OIL STEAM PILOT PROJECT - Norcen Energy Resources Limited (F-482) 

Norcen Energy Resources Limited has applied to the Alberta Energy Resources Conservation Board to conduct an experimental 
cyclic steam/steam drive thermal pilot in the Provost Upper Mannville B Pool. The pilot project will consist of a single 20 acre in-
verted 9 spot pattern to be located approximately 20 kilometers southeast of Provost, Alberta. 

An in situ combustion pilot comprising one 20 acre 5 spot was initiated in 1975. The pilot was expanded in 1982 to encompass 
seven 6 hectare 7 spot patterns. This pilot operation will continue under its current approval until December 31, 1986. 

All nine wells in the new steam pilot pattern will initially be subject to cyclic steam with conversion to a steam drive utilizing one 
central injector and eight surrounding producers as soon as communication is established between each well. 

All nine pattern wells were placed on primary production in February 1985. Primary production operations will be maintained at 
all but three wells until start-up of the permanent steam and production facilities in December 1985. 

Project Cost:	 Not Disclosed 

PR SPRING PROJECT - Enercor and Solv-Er Corporation, (17485) 

The PR Spring Tar Sand Project, a joint venture between Solv-Ex Corporation (the operator) and Enercor, was formed for the 
purpose of mining tar sand from leases in the PR Spring area of Utah and extracting the contained hydrocarbon for sale in the 
heavy oil markets. 

The project's surface mine will utilize a standard box-cut advancing pit concept with a pit area of 20 acres. Approximately 
1,600 acres will be mined during the life of the project. Exploratory drilling has indicated oil reserves of 58 million barrels with an 
average grade of 7.9 percent by weight bitumen. 

The proprietary oil extraction process to be used in the project was developed by Solv-Ex in its laboratories and pilot plant and has 
the advantages of high recovery of bitumen, low water requirements, acceptable environmental effects and economical capital and 
operating costs. Process optimization and scale-up testing is currently underway for the Solv-Ex/Shell Canada Project which uses 
the same technology. 

The extraction plant for the project has been designed to processtar sand ore at a feed rate of 500 tons per hour and produce net 
product oil for sale at a rate of 4,663 barrels per day over 330 operating days per year.
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In August 1985 the sponsors requested loan and price guarantees totalling $230,947,000 under the United Stales Synthetic Fuels 
Corporation's (SFC's) solicitation for tar sands mining and surface processing projects. On November 19, 1985 the SFC deter-
mined that the project was qualified for assistance under the terms of the solicitation. However, the SFC was abolished by Con-
gress on December 19, 1985 before financial assistance was awarded to the project. 

The sponsors are evaluating various product options, including asphalt and combined asphalt/jet fuel. Private financing and equity 
participation for the project are being sought. 

Project Cost:	 $158 million (Synthetic crude option) 
$90 million (Asphalt option) 

RAPAD BITUMEN UPGRADING PROJECT - Research Association for Petroleum Alternatives and Ministry of International 
Trade and Industry (T-520) 

The Research Association for Petroleum Alternatives (RAPAD), supported by the Ministry of International Trade and Industry, 
has adopted bitumen upgrading as one of its major research objectives. Three approaches are under investigation: thermal 
cracking-hydrotreating, thermal cracking-solvent deasphalting-hydrotreating, and catalytic hydrotreating. 

A pilot plant of the series of hydroprocessing, i.e., visbreaking-demetattation-cracking, was completed in 1984. Its capacity is 
5 barrels per day, and operation is continued to evaluate catalyst performance and also to obtain engineering data. Hydroconver-
sion catalysts with high activities for middle distillates productivity, coke suppression, and for demetallation have been developed. 
These catalysts made it possible to produce synthetic crude oil of high quality from tar sands bitumen under mild reaction condi-
tion, which results in lower hydrogen consumption. A 10 barrels per day pilot plant with suspended-bed reactor, designed by the 
M. W. Kellogg Company, was completed in 1985 and is in operation. 

Project Cost: 	 Not Disclosed 

RAS GHARIB THERMAL PILOT - General Petroleum Company of Egypt and Improved Petroleum Recovery '-527) 

The tar sand thermal pilot lies onshore in the Ras Oharib field on the West Coast of the Gulf of Suez, Egypt. Three wells, spaced 
approximately 50 meters apart, delineate a triangular pilot area which was drilled during 1984. 

The tar sand formation at Ras Gharib covers an area of approximately 1,300 acres with an avenge thickness of about 90 meters in 
the tar saturated section. 

The tar-in-place at reservoir conditions is estimated to range from 290 to 624 million barrels. This is equivalent to 700 to 
1,600 barrels per acre-foot. Based on a recovery efficiency for the cyclic steam process of 10 percent, the recoverable reserves 
would range from 29 to 62 million barrels. 

A 50 million BTU per hour single pass steam generator was purchased. The first 3 cycles recovered nothing but water from the 300 
foot deep zone. A fourth attempt in 1986 included a monitor well which showed that the steam was over-riding the tar zone. 

Project Cost:	 Not Disclosed 

RTR PILOT PROJECT - Rfl Oil Sands (Alberta) Ltd. (T-540) 

The Oil Sands Extraction pilot plant is situated on the Suncor, Inc., property, north of Fort McMurray, Alberta. The pilot plant 
was operated in cooperation with Gulf Canada Resouces Inc., during the second half 1981. 

The evaluation of the data from the operation has demonstrated the technical viability of this closed circuit modified hot water 
process. The process offers good bitumen recoveries and solid waste which is environmentally advantageous due to the substantial 
reduction in waste volume. 
Pilot data indicate that the total Rfl/Gulf process (extraction and tailings management) offers a substantial economic advantage 
over conventional hot water technology. This is particularly true for a remote plant in which energy requirements must be genera-
ted. 

Project Cost:	 Undisclosed
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SANDALTA - Gulf Canada Corp., Home Oil Company, Ltd., and Mobil Oil Canada Ltd. (T-550) 

Home Oil Company Limited, in October 1979, announced the fannout of its Athabasca oil sands property to Gulf Canada Corp. 
The property, Oil Sands Lease #0980090001 (formerly BSL #30) consists of 15,086 hectares (37,715 acres), situated 43 kilometers 
(26 miles) north of Fort McMurray on the east side of the Athabasca River. Under terms of the farmout agreement, Gulf, through 
expenditures totalling some $42 million, can earn up to an 83.75 percent interest in the lease with Home retaining 10 percent and 
Mobil Canada Ltd. 6.25 percent. An exploratory drilling program was carried out in the 1980 and 1981 drilling seasons, and more 
recently in 1985. Engineering studies on commercial feasibility are continuing. 

Project Cost: 	 Not Specified 

SOUTH KINSELL4 (KINSELL.A B) - Dome Petroleum Ltd., PanCanadian Petroleum, and Petro-Canada (1'.565) 

The project is a test of oxygen combustion in a waterflooded field. The pilot consists of five wells drilled in an inverted five spot 
configuration with two observation wells. Oxygen injection began in April 1985 and both oxygen and water were injected. 
Problems with oxygen breakthrough have occurred and the pilot has been shut in. 

Project Cost:	 $4.5 million 

SUFFIELD HEAVY OIL PILOT - (SHOP) - Alberta Energy Company Ltd., AOSTRA, Dome Petroleum Limited, Westcoast 
Petroleum Ltd. (T-580) 

An in situ combustion project located in southeastern Alberta within the Suffield Military Range and operated by Alberta Energy 
Company. Phase A of the project consists of one isolated five-spot pattern. The reservoir is a Glauconitic sand in the Upper Man-
nville formation which is underlain by water. The wells, including three temperature observation wells, were drilled during the 
summer of 1980. Completion of facilities construction occurred in the fall of 1981 and injection started in early 1982. AOSTRA 
holds a 50 percent interest in the project, Alberta Energy Company holds a 33.3 percent interest and Wcstcoast Petroleum holds a 
16.6 percent interest. 

The pilot fulfilled its technical objectives in 1986. The technology is now planned to be implemented in selected regions of the 
South Jenner field. 

Project Cost: 	 $11 million (Canadian) 

TACtUK PROCESSOR PILOT - AOSTRA 1/The UMA Group Ltd. (T-620) 

A pilot of an extraction and partial upgrading process located in Southeast Calgary, Alberta. The pilot plant finished construction 
in March 1978 at a cost of $1 million and has been in operation since. The process was invented by William Taciuk of The UMA 
Group. Development is being done by UMATAC Industrial Processes Ltd., a subsidiary of The UMA Group. Funding is by the 
Alberta Oil Sands Technology and Research Authority (AOSTRA). The processor consists of a rotating kiln which houses heat ex-
change, cracking and combustion processes. The processor yields cracked bitumen vapors and dry sand tailings. Over 4,300 tons of 
Athabasca oil sand have been processed. 

Information agreements have been made with a major oil company and with a joint-venture company between two majors. The in-
formation agreements provide, in exchange for a funding contribution to the project, full rights for evaluation purposes to the in-
formation generated by the project during the current phase. 

A substantial increase in coke burning capacity and in the length of pilot run was demonstrated in the 1982 season. Recycle of the 
heaviest fraction of the extracted oil to produce an oil suitable for hydrotreating has been practiced. The oil product is similar to 
that of a fluid colter, so the process would replace both the extraction and primary upgrading steps of the process (hot water and 
coking) used at existing commercial plants. 

AOSTRA approved a $4.5 million, two-year extension to the project. The principal objective of this continuation is to carry out the 
process design and sufficient detailed engineering to develop a definitive estimate for a 200 ton per hour Demonstration Plant to be 
constructed and operated in the Athabasca region. 

Consultive participation by industry in this new phase of the project is invited. Interested parties should contact AOSTRA. 

Project Cost:	 To Date:	 $5.3 million 
Outstanding:	 $4.8 million 
Authorization:	 $10.1 million (AOSTRA)
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TANGLEFLAGS NORTH - Sceptre Resources limited and Murphy Oil Company Ltd. (T-626) 

The project, located some 35 kilometers northeast of Ijoydminster, Saskatchewan, near Paradise Hill, involves the first horizontal 
heavy oil well in Saskatchewan. Production from horizontal oil wells is expected to dramatically improve the recovery of heavy oil 
in the Lloydminster region. 

The Tangieflage North Pilot Project is employing drilling methods similar to those used by Esso Resources Canada Ltd. in the Nor-
man Wells oil field of the Northwest Territories and at Cold Lake, Alberta. The combination of the 500-meter horizontal produc-
tion well and steamflood technology is expected to increase recovery at the Tangleflags North Pilot Project from less than one per-
cent of the oil in place to up to 50 percent. 

The governments of Canada and Saskatchewan are providing up to $3.8 million in funding under the tenns of the Canada-
Saskatchewan Heavy Oil Fossil Fuels Research Program. 

The Tangleflags project is designed for an early production response so that expansion potential can be evaluated by 1990. Current 
estimates indicate sufficient reserves exist in the vicinity of the pilot to support commercial development with a peak gross produc-
tion rate of 6,200 barrels of oil per day. Project life is estimated at 15 years. 

The Tangleflags pilot, with one producing well in place, will produce 300 barrels of oil per day of primary production. Once 
steamflooding is commenced (June 1988), and a production response is seen, production rates ate expected to increase to 1,200 
barrels of oil per day by the end of 1989. At that time a decision will be made with respect to expanding the pilot to a commercial 
operation involving five horizontal wells or more. 

Project Cost: $10.2 million by 1990 

TAR SAND TRIANGLE - Kirkwood Oil and Gas (T-630) 

Kirkwood Oil and Gas drilled some 16 coreholes by the end of 1982 to evaluate their leases in the Tar Sand Triangle in south 
central Utah. They are also evaluating pilot testing of inductive heating for recovery of bitumen. A combined hydrocarbon unit, to 
be called the Gunsight Butte unit, is presently being formed to include Kirkwood and surrounding leases within the Tar Sand Tri-
angle Special Tar Sand Area (&flA). 

Kirkwood is also active in three other STSAs as follows: 
Raven Ridge-Rimrock--Kirkwood Oil and Gas has received a combined hydrocarbon lease for 640 acres 
in the Raven Ridge-Rim Rock Special Tar Sand Area. 
Hill Creek and San Rafael Swell—Kirkwood Oil and Gas is also in the process of converting leases in 
the Hill Creek and San Rafael Swell Special Tar Sand Areas. 

Kirkwood Oil and Gas has applied to convert over 108,000 acres of oil and gas leases to combined hydrocarbon leases. With these 
conversions Kirkwood will hold more acreage over tar sands in Utah than any other organization. 

Project Cost:	 Unknown 

TUCKER LAKE PILOT PROJECT - Husky Oil, Ltd. (T-655) 

Husky began operating a cyclic-steam pilot project at Tucker Lake in February 1984. The location of Husky's 18,000 acre lease is 
approximately three miles southwest of Esso's Cold Lake project. Four wells were initially put into operation and seven wells were 
added during 1985. To determine the most productive area the test wells are widely spaced over a 3,000 acre section of the lease. 

Approximately 1,250 barrels per day of 80 percent quality steam are injected into each well daily. Two portable natural gas-fired 
steam generators rated to 2,700 psi are in use at the pilot. Water for the steam generators will be provided by fresh water wells at 
the site. 

Preliminary estimates indicate that oil in place at the project area exceeds 500 million barrels. Production is from the uncon-
solidated Clearwater sand with a pay zone of 110 feet at a depth of 1,500 feet. Porosity of the formation is 33 percent and permea-
bility is 1,500 md. Oil gravity is 10 degrees API with a viscosity of 100,000 cp at reservoir temperatures of 60 degrees F. 

Husky has developed a 13 well pad which includes a 50 million BTU per hour steam generator along with other associated facilities. 
The project resumed operation during the third quarter of 1987 following a 12-month shutdown due to inadequate oil prices. 

Project Cost:	 Not Disclosed
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R & D PROJECTS (Continued) 

UNDERGROUND TEST FACILITY PROJECT - Alberta Oil Sands Technology and Research Authority (AOSTRA) (T410) 

In early 1984 AOSTRA proposed a test facility consisting of a pilot tunnel system, steam plant, and process unit. The project in-
vokes drilling two parallel vertical shafts. Horizontal tunnels off the shafts allow drilling of access wells to permit heated bitumen 
to flow by gravity into the tunnels. 

AOSTRA refers to the technology as Shaft and Tunnel Access Concept (SATAC). Injection and production wells, 500 to 
600 meters in length, will be installed in the oil sand by drilling horizontally from tunnels in the sand, or by drilling up and deviating 
to the horizontal from tunnels in underlying limestone. Recovery schemes which might be considered include steam assisted 
gravity drainage, electrical preheat, carbon dioxide steam flood, or solvent processes. 

A test site was selected 12 miles west of Syncn.de with reserves on the lease estimated at 325 million barrels. Exploratory drilling 
was done in the winter of 1985/1986 to expand the data base. Construction of a 22 mile access road started early in January 1984. 
A $23 million contract was signed with Patrick Harrison and Company Ltd. and Saturn Process Plant Constructors Ltd. for the 
sinking of two 3-meter diameter vertical shafts and 300 meters of preliminary tunnel work. The shafts have been completed and 
approximately 1 kilometer of tunnel is in place. 

An innovative underground drilling machine has been designed and fabricated by Drill Systems for the project. After undergoing 
surface testing at Exshaw, Alberta, the rig was moved to the UTF site and reassembled in the mine. It has now drilled the initial 
underground test wells. 

Recovery processes will be tested in conjunction with drilling tests. Two processes have been selected for testing: a steam-assisted 
gravity drainage process promoted by AO&FRA as the Phase A program, and a joint test with Chevron Canada Resources of the 
Proprietory Chevron HASDrive process. 

Process facilities construction is complete and steaming started on both tests in November, 1987. 

Project Cost:	 $100 million 

WOLF LAKE OXYGEN PROJECT (Formerly Marguerite Lake Phase A) - BP Canada Resources, Petro-Canda (T-390) 

BP Canada, Hudson's Bay Oil and Gas, and PanCanadian Petroleum entered into arrangements in 1977 whereby Hudson's Bay 
and PanCanadian joined BP in a pilot in situ project to produce 900 barrels per day bitumen from the Cold Lake heavy oil deposit 
of northeastern Alberta. At the end of 1985 the lust phase of the project was completed. The second phase lasted from 1986 to 
April 1, 1987, when the project agreement expired. The project is located at 7-66-R5-W4M. In view of the earlier success of the 
Marguerite Lake 'B' Unit experimental test, a multi-well cyclic-steam test is being conducted in the BlO reservoir. The test is being 
carried out in a maintenance satellite of the Wolf Lake project. However, the test is considered to be experimental since no prior 
multi-well cyclic-steam stimulation has been carried out in this formation. Also, some of the wells in this pad are testing the 
producibility of other sands in the B-Unit. The project utilizes cyclic steam stimulation followed by in situ combustion in the Man-
nville C zone at a depth of about 450 meters. The pilot initially consisted of four 5-spot well patterns with 5-acres per well spacing, 
plus four out-of-pattern' test wells. Five infill wells were drilled in 1981 and five additional infill wells were drilled in 1984. Initial 
steam injection (Phase A) commenced in mid-1978 and continued through the mid-1988s. Preliminary testing of the in situ com-
bustion stage began in several special test wells located immediately adjacent to the main pilot wells, using air. Oxygen injection was 
successfully tested on an experimental basis in March 1983, and the main pilot area was converted to oxygen injection in October 
1983. The current phase will further develop the combustion process so that it can be taken into the Wolf Lake Project in the 
1990s. Combustion will continue until 1989. 

(See Wolf Lake Project listed in commercial projects.) 

Project Cost:	 $50 million (Canadian) 

YAREGA MINE-ASSISTED PROJECT - Union of Soviet Socialist Republics (P665) 

The Yarega oilfield (Soviet Union) is the site of a large mining-assisted heavy oil recovery project. The productive formation of 
this field has 26 meters of quartz sandstone occurring at a depth of 200 meters. Average permeability is 3.17 mKm2. Temperature 
ranges from 279 to 281 degrees K; porosity is 26 degrees; oil saturation is 87 percent of the pore volume or 10 percent by weight. 
Viscosity of oil varies from 15,000 to 20,000 mPa per second; density is 945 kilograms per cubic meter. 

The field has been developed in three major stages. In a pilot development, 69 wells were drilled from the surface at 70 to 
100 meters spacing. The oil recovery factor over 11 years did not exceed 13 percent. 

Drainage through wells at very close spacing of 12 to 20 meters was tested with over 92,000 shallow wells. Development of the oil-
field was said to be profitable, but the oil recovery factor for the 18 to 20 year period was approximately 3 percent. 
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It & D PROJECTS (Continued) 

A mining-assisted technique with steam injection was developed starting in 1968. Over the past 15 years, 10 million tons of steam 
have been injected into the reservoir. 

Three mines have been operated for over ten years. An area of the deposit covering 225 hectares is under thermal stimulation. It 
includes 15 underground slant blocks, where 4,192 production wells and 11,795 steam-injection wells are operated. In two under-
ground slant production blocks, which have been operated for about 8 years, oil recovery of 50 percent has been reached. These 
areas continue to produce oil. A local refinery produces lubricating oils from this crude. 

Project Cast:	 Not Disclosed
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COMPLETED AND SUSPENDED PROJECTS

Project Sponsor 

Aberfeldy Project Husky Oil Operations, Ltd. 

A.D.I. Chemical Extraction Aarian Development, Inc. 

Alsands Project Shell Canada Resources, Ltd. 
Petro-Canada 
Gulf Canada 

Aqueous Recovery Process Globus Resources, Ltd. 
United-Guardian, Inc. 

Ardmore Thermal Pilot Plant Union Texas of Canada, Ltd. 

Asphalt Ridge Tar Sands Pilot Sohio 

Asphalt Ridge Pilot Plant Enerror 
Mobil 
University of Utah 

Block One Project Amoco Canada Petroleum Company Ltd. 
AOSTRA 
Petro-Canada Ltd. 
Shell Canada Resources 
Suncor, Inc. 

Burnt Hollow Tar Sand Project Glenda Exploration & Development Corp. 
Kirkwood Oil & Gas Company 

Burnt Lake Suncor 

Calsyn Project California Synfuels Research Corporation 
AOSTRA 
Dynalectron Corporation 
Ralph M. Parsons Company 
Tenneco Oil Company 

Canstar Nova 
Pet rota nada 

Cat Canyon Steamflood Project Getty Oil Company 
United States Department of Energy 

Cedar Camp Tar Sand Project Enercor 
Mono Power 

Chaparrosa Ranch Tar Sand Project Chaparrosa Oil Company 

Chemech Project Chemech 

Chetopa Project EOR Petroleum Company 
Tetra Systems 

Cold Lake Pilot Project Gulf Canada Resources 

Deepsteam Project Sandia Laboratories 
United States Department of Energy 

Falcon Sciences Project Falcon Sciences, Inc. 

HOP Kern River Commercial Ladd Petroleum Corporation 
Development Project 

Ipiatik Lake Project Alberta Energy Company and 
Petro-Canada

Last Appearance in SFR 

March 1983; page 3-33 

December 1983; page 3-56 

September 1982; page 3-35 

December 1984; page 3-44 

December 19a3; page 3-56 

December 1986; page 3-51 

September 1984; page T-7 

September 1984; page T-8 

September 1984; page T-8 

December 1986; page 343 

March 1984; page 3-34 

March 1987; page 3-29 

December 1983; page 3-58 

June 1987; page 3-55 

March 1985; page 3-42 

December 1985; page 3-51 

December 1983; page 3-59 

December 1979; page 3-31 

March 1984; page 3-41 

December 1985; page 3-38 

June 1985; page 3-51 

December 1986; page 3-63 
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Kentucky Tar Sands Project Texas Gas Development June 1985; page 3-52 

Lloydminster Fireflood Murphy Oil Company, Ltd. December 1983; page 3-63 

Manatokan Project Canada Cities Service September 1982; page 3-43 
Westcoast Petroleum 

Meota Steam Drive Project Conterra Energy Ltd June 1987; page 3-60 
Saskatchewan Oil & Gas 
Total Petroleum Canada 

Mine-Assisted In Situ Project Canada Cities Service December 1983; page 3-64 
Esso Resources Canada Ltd. 
Gulf Canada Resources, Inc. 
Husky Oil Corporations, Ltd. 
Petro-Canada 

MRL Solvent Process C & A Companies March 1983; page 3-41 
Minerals Research Ltd. 

Muriel Lake Canadian Worldwide Energy June 1987; page 3-61 

North Kinsella Heavy Oil Petro-Canada June 1985; page 3-58 

Peace River In Situ Pilot Amoco Canada Petroleum June 1987; page 3-61 
AOSTRA 
Shell Canada Limited 
Shell Explorer Limited 

Porta-Plants Project Porta-Plants Inc. September 1986; page 3-50 

Primrose Project Japan Oil Sands Company September 1984; page T-16 
Noreen Energy Resources Ltd. 

Primrose-Kirby Project Petro-Canada June 1986; page 3-56 

Resdeln Project Gulf Canada Resources Inc. March 1983; page 3-43 

It F. Heating Project UT Research Institute March 1983; page 343 
Halliburton Services 
United States Department of Energy 

Rio Verde Energy Project Rio Verde Energy Corporation June 1984; page 3-58 

Santa Fe Tar Sand Triangle Altex Oil Corporation December 1986; page 3-60 
Santa Fe Energy Company 

Santa Rosa Oil Sands Project SOIV-EX Corporation March 1985; page 3-45 

South Texas Tar Sands Conoco June 1987; page 3-64 

Texaco Athabasca Pilot Texaco Canada Resources June 1987; page 3-66 

Ultrasonic Wave Extraction Western Tar Sands June 1987; page 3-66 

Vaca Tar Sand Project Santa Fe Energy Company March 1982; page 3-43 

Wabasca Fireflood Project Gulf Canada Resources, Inc. September 1980; page 3-61 

Whiterocks Oil Sand Project Enercor December 1983; page 3-55 
Hinge-line Overthrust Oil & Gas Corp. 
Rocky Mountain Exploration Company 

200" Sand Steamflood Demon- Santa Fe Energy Company June 1986; page 3-62 
stration Project United States Department of Energy
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STATUS OF OIL SANDS PROJECTS 

INDEX OF COMPANY INTERESTS

Company or Or2anization Project Name 

Alberta Energy Company Syncrude Canada Ltd. 3-61 

Alberta Oil Sands Equity Oslo Group 3-58 
Syncrude Canada Ltd. 3-61 

Alberta Oil Sands Technology ABC Cold Lake Pilot 3-62 
and Research Authority (AOSTRA) Athabasca In Situ Pilot Plant 3-62 

Donor Refined Bitumen Process 3-65 
GLISP Project 3-66 
Marguerite Lake "B' Unit Experimental Test 3-68 
Taciuk Process Pilot 3-71 
Underground Test Facility Project 3-73 

Amoco Canada Ltd. Elk Point 3-56 
GLISP Project 3-66 

Amoco Production Company Sunnyside Project 3-60 

Bow Valley Industries, Inc. ABC Cold Lake Pilot 3-62 

BP Resources Canada Ltd. Jet Leaching Project 3-67 
Marguerite Lake 'B' Unit Experimental Test 3-68 
Wolf Lake Project 3-61 
Wolf Lake Oxygen Project 3-73 

California Tar Sands Development Corp. California Tar Sands Development Project 3-54 

Canada Centre For Mineral & Energy CANMET Hydrocracking Process 3-63 
Technology 

Canada Cities Service, Ltd. Eyehill In Situ Steam Project 3-65 
PCEJ Project 3-69 

Canadian Occidental Petroleum, Ltd. Syncrude Canada Ltd. 3-61 
Hanging Stone Project 3-67 
Oslo Group 3-58 
Eyehill In Situ Steam Project 3-65 

Canadian Worldwide Energy Ltd. Charlotte Lake Project 3-64 

Canterra Energy Ltd. Athabasca In Situ Pilot Project 3-62 

Chevron Canada Resources Ltd. Beaver Crossing Thermal Recovery Pilot 3-63 
Underground Test Facility Project 3-73 

Cold Lake Heavy Oil Ltd. ABC Cold Lake Pilot 3-62 

Consumers Cooperative Refineries Ltd. NewOrade Heavy Oil Upgrader 3-58 

Dcvran Petroleum Ltd. Sarnia-London Road Field Mining Assisted Project 3-59 

Dome Petroleum Canada Ltd. Lindbergh Commercial Project 3-57 
Lindbergh Thermal Project 3-68 
Morgan Combination Thermal Drive Project 3-68 
Primrose Lake Commercial Project 3-59 
South Kinsella (Kinsella B) 3-71 

Enercor PR Spring Project 3-69 

Enpex Corporation Enpex Syntaro Project 3-65 
Esso Resources Canada Ltd. Cold Lake Project 3-54 

Esso Cold Lake Pilot Projects 3-65
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Company or OrEanization Project Name En! 

Oslo Group 3-58 
PCEJ Project 3-69 
Syncrude Canada Ltd. 3-61 
Hanging Stone Project 3-67 

General Petroleum Company of Egypt Ras Gharib Thermal Pilot 3-70 

ONC Tar Sands Corporation Sunnyside Tar Sands Project 3-60 

Greenwich Oil Corporation Forest Hill Project 3-57 

Gulf Canada Resources Ltd. Donor Refined Bitumen Process 3-65 
Oslo Group 3-58 
Pelican-Wabasca Project 3-69 
Sandalta 3-72 
Syncrude Canada Ltd. 3-61 

HBOG Oil Sands Partnership Syncrude Canada Ltd. 3-61 

Home Oil Company Sandalta 3-71 

Hudson's Bay Oil and Gas Battrum In Situ Wet Combustion Project 3-63 

Husky Oil, Ltd. Battrum In Situ Wet Combustion Project 3-63 
Bi-Provincial Project Upgradcr Facility 3-54 
Tucker Lake Pilot Project 3-72 

Japanese Ministry of International RAPAD Bitumen Upgrading Project 3-70 
Trade and Industry 

Japan Canada Oil Sands, Ltd. PCEJ Project 3-69 
Hanging Stone Project 3-67 

Kenoco Corporation Kenoco Project 3-67 

Kirkwood Oil and Gas Company Circle Cliffs Project 3-64 
Tar Sand Triangle 3-72 

L'Association pour la Valorization Donor Refined Bitumen Process 3-65 
des Huiles Lourdes (ASVAHL) 

Mobil Oil Canada Ltd. Battrum In Situ Wet Combustion Project 3-63 
Celtic Heavy Oil Wet Combustion 3-64 
Cold Lake Steam Stimulation Program 3-64 
Fosterton N.W. In Situ Wet Combustion 3-66 
from River 3-67 
Sandalta 3-71 

Murphy Oil Canada Ltd. Eyehill In Situ Steam Project 3-65 
Lindbergh Commercial Thermal Recovery Project 3-57 
Lindbergh Steam Project 3-68 

Newcrade Energy Inc. NewGrade Heavy Oil Upgrader 3-58 

Norcen Energy Resources Ltd. Provost Upper Mannville Heavy Oil Steam Pilot Project 3-69 

Ontario Energy Resources Ltd. Suncor, Inc. 3-60 

ORS Corporation Electromagnetic Well Stimulation Process 3-55 

PanCanadian Petroleum Elk Point Oil Sands Project 3-56 
Oslo Group 3-58 
South Kinsella (Kinsella B) 3-71 
Syncrude Canada Ltd. 3-61 

Partec Lavalin Inc. CANMET Hydrociacking Process 3-63
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Company or Organization Project Name 

Petro-Canada CANMET Hydrocracking Process 3-63 
Daphne Project 3-55 
CUSP Project 3-66 
Hanging Stone Project 3-67 
Marguerite Lake UB* Unit 3-68 
Oslo Group 3-58 
PCEJ Project 3-69 
South Kinsella (Kinsella B) 3-71 
Syncrude Canada Ltd. 3-61 
Wolf Lake Project 3-61 
Wolf Lake Oxygen Project 3-73 

Research Association for RAPAJ) Bitumen Upgrading Project 3-70 
Petroleum Alternatives 

RTR Oil Sands Alberta, Ltd. RTh Pilot Project 3-70 

Saskatchewan Government NewClrade Heavy Oil Upgrader 3-58 

Saskoil Battrum In Situ Wet Combustion Project 3-63 

Shell Canada Resources, Ltd. Athabasca Project 3-54 
Peace River Complex 3-58 
Sarnia-London Road Field Mining Assisted Project 3-59 
Scottiord Synthetic Crude Refinery 3-60 

Solv-Ex Corporation Athabasca Project 3-54 
PR Spring Project 3-69 

Soulhworth, Ray M. Enpex Syntaro Project 3-65 

Suncor, Inc. Fort Kent Thermal Project 3-66 
Suncor 3-60 

Sun Oil Company Suncor, Inc. 3-60 

Tenneco Oil of Canada Ltd. Athabasca In Situ Pilot Project 3-62 

Texaco Inc. Diatomaceous Earth Project 3-55 

Texaco Canada Resources Ltd. Eyehill In Situ Steam Project 3-65 

Texas Tar Sands, Ltd. Enpex Syntaro Project 3-65 

Triad Engineering Services Ltd. PR Spring Project 3-69 

Uentech Corporation Electromagnetic Well Stimulation Process 3-55 

Underwood McLellan & Associates Taciuk Processor Pilot 3-71 
(UMA Group) 

Unocal Canada Battn,m In Situ Wet Combustion Project 3-63 
Grosmont Thermal Recovery Project 3-66 

Union of Soviet Socialist Republics Yarega Mine-Assisted Project 3-73 

Whittier, M. H. Enpex Syntaro Project 3-65 

Worldwide Energy Fort Kent Thermal Project 3-66
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PROJECT ACTIVITIES 

GREAT PLAINS GETS $30 MILLION TO REDUCE SULFUR 
EMISSIONS 

The United States Department of Energy (DOE) has 
allocated up to $30 million to reduce sulfur pol-
lutants being released from the Great Plains Coal 
Gasification Plant in Mercer County, North Dakota. 
The funds have been set aside in a special account 
established with the Bank of North Dakota in Bis-
marck, according to J. Allen Wampler, the 
department's Assistant Secretary of Fossil Energy, 
who announced the action at a congressional hearing 
in Washington in April. 

Along with the earmarking of funds, the department 
has forwarded to the state of North Dakota an ap-
plication for an operating permit that includes the 
selection of a new "best available control technol-
ogy" that will reduce sulfur emissions. The depart-
ment took the action after completing a ten-month 
study of more than 40 technical options for reducing 
sulfur emissions at the Great Plains Plant. While 
the plant has produced synthetic natural gas more 
efficiently and in greater quantities than originally 
planned, it has not been able to achieve sulfur 
emission limits set in the state's original permit to 
construct the plant. 

The department's new recommended option would cut 
sulfur emissions from the plant at least in half, 
from over 8,000 pounds of sulfur dioxide per hour to 
less than 4,000 pounds per hour. The approach in-
volves adding additional venturi contactors to the 
plant's existing sulfur removal system. By increasing 
the number of venturi contactors and installing them 
In stages, nearly 90 percent of the hydrogen sulfide 
impurities in the gas stream can be removed, com-
pared to the 70-78 percent removal with the current 
system, 

The DOE recognizes that the venturi approach will 
not bring the plant into compliance with the 
1,340 pound per hour level established by the state 
in its original permit to construct. Wampler said, 
however, "The approach we have recommended is the 
most effective option that is financially acceptable. 
While we will continue to explore options for reduc-
ing emissions even further, achieving the state per-
mit limit with today's technology would require in-
stalling a much more expensive flue gas scrubber 
that would likely bankrupt the plant." 

The venturi approach is projected to cost ap-
proximately $22 million in additional equipment and 
approximately $2.3 million in annual operating ex-
penses. The flue gas scrubber option, by contrast, 
would likely cost as much as $65 million to build 
and $16.5 million annually to operate. 

Wampler stressed In his April 13 appearance before a 
subcommittee of the House Energy and Commerce 
Committee that, even at current emission levels, the 
Great Plains Plant is not violating any pollution

standards set by the federal Clean Air Act. The 
state emission limit was based on vendor estimates 
of the effectiveness of sulfur removal equipment 
that had never been installed on a large-scale coal 
gasification plant. Original specifications called for 
at least 99 percent of the sulfur impurities to be 
removed from the waste gas stream. 

The original Stretford system experienced problems 
due to sulfur deposits plugging the absorbing vessel. 
In August 1987, following tests at a smaller pilot 
plant, DOE authorized the Stretford system to be 
converted to a Sulfolin process. The Sulfolin 
process has proven more effective. 

The promising results from the Sulfolin performance 
and pilot plant testing led the technical team, which 
included representatives from 11 federal, state and 
private organizations, to concentrate on options for 
upgrading the performance of the existing sulfur 
recovery system rather than installing separate, more 
costly sulfur removal equipment. 

The state of North Dakota must approve DOE's 
recommendation prior to issuing a permit for long-
term operations of the facility, which is currently 
operating under a "Notice of Violation" issued by the 
state in 1986. 

"Resolution of the emission issue would undoubtedly 
enhance the value of the facility and improve the 
prospects for returning this project to private sector 
ownership," Wampler said. 

At the hearing, Wampler reiterated that the depart-
ment hopes to complete the sale of the facility by 
mid-summer if the government can obtain fair 
market value along with a commitment for long-term 
operations of the plant. 

HANOVER ENERGY TO BUILD COAL GASIFICATION 
PLANT IN VIRGINIA 

Hanover	 Energy	 Associates	 is	 planning	 a
700 megawatt cofired cogeneration plant to sell 
electricity to Virginia Power. 	 The plant, to be lo-



cated near Doswell, Virginia, will include 24 to 
28 Wellman-Gaiusha gasifiers. The gas turbines will 
burn five-sixths natural gas and one-sixth low-BTU 
coal gas from the gasifiers. 

The coal source will be coal wastes located in 
Western Virginia. 

Construction is scheduled to begin on July 1 and 
will take two years, according to documents filed 
with the Federal Energy Regulatory Commission. 
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Other equipment includes four Westinghouse 501 D5 
gas turbine generators, four waste heat recovery 
boilers and two steam turbine generators. Steam 
will be sold to Notional Energetics Company for 
manufacturing carbon dioxide and possibly to a 
nearby paper company. 

Hanover Energy Associates, a limited partnership, was 
one of about 30 companies that responded to Vir-
ginia Power's solicitation in December 1986 for some 
1,100 megawatts of electricity. Hanover has a 
similar plant planned in northeastern Pennsylvania, 
with a capacity of about 100 megawatts. 

SW CONTINUES PLANS FOR COLSTRJP PLANT 

The proposed coal pyrolysis plant near Colstrip, Mon-
tana may begin construction this fall. SG1 Interna-
tional of La Jolla, California, says the project will 
be in two phases. The first phase will consist of a 
steam-powered generator and will cost about 
$75 million.	 Montana Power Company will buy the 
35 megawatts of electricity produced. The second 
phase will cost about $25 million and will produce 
about 200,000 barrels per year of a fuel oil product 
plus leftover char.	 Bechtel Corporation has been
contracted to build the plant. 

The project plans to create 100-150 construction 
jobs and 60-65 permanent jobs. The plant will also 
mean about 20 jobs at a limestone quarry and more 
mining employment in the Colstrip area. The project 
has already obtained the required air quality permit. 

WYOMING CRARFUEL PROJECT PLANS OUTLINED 

Carbon Fuels Corporation is proceeding with a 
project in Wyoming which will use hydropyrolysis to 
produce a coal char non-aqueous slurry fuel which 
they call Charfuel (registered trademark). An outline 
of the overall project was given to the 13th Inter-
national Conference on Coal and Slurry Technology In 
Denver, April 12. 

The Charfuel system is composed of char and liquid 
hydrocarbons, both of which are produced by 
pyrolyzing coal and further treating the products. 
Carbon Fuels says that preliminary designs for 
demonstration and prototype plants have been com-
pleted, and financing has been partially obtained. 
The plant will be built at Glenrock, Wyoming at the 
site of the Pacific Power and Light Dave Johnston 
power plant.	 Preliminary engineering design work
was started in January 1988.

There will be two units to provide reasonable size 
increases from the 25 tons per day work done to 
date. One unit will have a 150/400 tons per day 
capacity with the variability accomplished by having 
two coal injectors. This unit will be used to obtain 
the operating parameters for the Dave Johnston coal, 
and will then process various coals so that commer-
cial Charfuel plants can be designed for different 
locales. The second unit will have a 1,000 tons per 
day capacity and will produce enough Charfuel slurry 
to operate a 100 megawatt unit of the Dave 
Johnston power plant. Part of the output from 
these units will be used for large loop rheology 
testing to optimize the pipeline transportability of 
the nonnqueous Charfuel slurry. 

In addition to the pyrolysis units, the plant will in-
clude gas processing plus methanol and MTBE produc-
tion units. A Charfuei coal processing plant may 
include in general, the Charfuel slurry (a nonaqueous 
pipeline transportable fuel with about 13,400 BTU per 
pound), plus ammonia, sulfur, BTX, naphtha, MTDC and 
methanol. The value of the coproducts plus the 
economy of shipping Charfuci through existing oil 
pipelines, Is said to make the economics of the 
Charfuel process attractive. 

The Charfuel process concept is based on dispropor-
tionating the hydrogen in coal rather than adding 
hydrogen. Since the hydrogen to carbon atomic 
ratio in coal is about one while in crude oil it is 
about two, the only way to obtain "oil" from coal 
without adding hydrogen is to disproportionate and 
accept some product with essentially no hydrogen. 
Thus in the Charfuel process some of the product is 
char with no hydrogen while the product 'oil' con-
tains all of the hydrogen. 	 The key step In the 
technology	 is	 termed	 Short - Residence - 
Time/Hydrodisproportionation. 

Some 25 tons per day experiments were run at the 
converted Synthane plant of the Pittsburgh Energy 
Technology Center. Two studies have been com-
pleted, one by Morrison Knudsen Engineers, and the 
other by Ford, Bacon, Davis which have confirmed 
the basic chemical and engineering steps. 

The next step in process development was planned to 
be a 500 ton MAF coal per day plant. Funds were 
requested from the State of Wyoming under the 
Clean and Enhanced Coal Act of 1987. Eight million 
dollars was approved for a 1,000 tons per day 
prototype plant but with the proviso that an inter-
mediate size 150/400 tons per day reactor be built 
first. The 1,000 tons per day unit will fuel a 
100 megawatt boiler at the Dave Johnston Power 
Plant with Charfuel slurry. 

The Glcnrock Wyoming Project comprises five phases 
as follows: 

Phase 1(M) - Charfuel reactor verification and 
product characterization: $8.3 million 

Phase I(A2) - Charfuel product verification and 
production prototype: $17.2 million 
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Phase	 1(B)	 - 100	 megawatt	 boiler	 retrofit	 and 
fuel supply systems:	 $5.9 million 

Phase	 1(C)	 - Gas	 processing	 and	 methanol 
production: $33.2 million 

Phase 1W) - Oil hydrotreater: $12.8 million 

Phase	 1(E)	 - Methyl	 tertiarybutyl	 ether	 (MTBE) 
production: $11.0	 million 

Phase 1(D) may not be necessary. 

The objectives of the Charfuel demonstration project 
are to provide: 

(1)	 A	 test reactor	 (150/400	 tons	 per	 day) 
which	 will first	 be	 used	 to	 optimize	 the 
reactor	 conditions	 using	 Powder	 River	 Basin 
coal 

(2) A prototype reactor (1,000 tons per thy) 
which will determine the parameters for the 
commercial reactor (5,000 tons per day) and 
the downstream unit processes 

(3) Charfuel slurry for large scale test bums 
In the retrofitted 100 megawatt utility boiler 

(4) Material for large scale theology test 
Loops and for product mixes 

The design for the first reactor is shown in 
Figure 1. The small dimensions are made possible by 
the Short-Residence-Time concept. 

Phases flAl) and l(A2) comprise the building and 
operating of the two reactors. The first has a 
capacity of 400 tons per day and will be equipped 
with two injectors providing for throughputs of 150 
and 400 tons per day. The first capacity is a six-
fold scale up from the 25 tons per day runs already 
completed.	 The second reactor will provide for a 
throughput of 1,000 tons per day, and is a further 
tow-and-a-half-fold scale up. The scale up from 
the prototype to the commercial (two 5,000 tons per 
day units) reactor is five fold. 

The financing for Phase IA Is by means of the 
$8 million Wyoming Loan ($2 million of which must 
be used for zero-coupon bonds to guarantee the en-
tire principal) plus proceeds from a limited partner-
ship offering which is expected to raise $10 million 
for Stage I and $15 million for Stage H.

Stage I includes all of Phase l(A1) and the construc-
tion part of Phase l(A2).	 it	 is	 anticipated	 that this 
work	 will require 22	 months.	 When the 1,000 tons 
per day reactor	 is in	 service,	 the	 project	 will be 
eligible for	 fuel from	 Unconventional	 Sources tax 
credits.

FIGURE 1 
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Stage Ill includes Phases 1(C), 1(D), and 1(E). It is 
projected that this stage will be financed with addi-
tional equity, debt, and government money. 

Stage II involves Phases 1(A2) (operation) and 1(B). 	 # # 4 4 
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CORPORATIONS 

WILLIAMS Buys BLACK MESA SLURRY LINE 

Williams Technologies, an affiliate of The Williams 
Companies, Tusla, Oklahoma, has purchased the only 
operating coal slurry pipeline in the United States. 
The purchase agreement for the Black Mesa slurry 
line was signed with Santa Fe Southern Pacific Cor-
poration in April. Terms of the deal were not dis-
closed. 

The pipeline, built in 1970 at a cost of $39 million, 
would cost between $117 million and $156 million to 
construct today, according to a Williams spokesman. 

The 18-Inch, 273-mile Black Mesa line ships coal 
from Peabody Coal's mine near Kayenta, Arizona, to 
a power plant in Laughlin, Nevada, operated by 
Southern California Edison. The plant provides power 
to Southern California cities.

Within the activities of the Division of Coal and 
Energy Technology, the technology of coal combustion 
in the circulating fluid bed is currently the most 
important. In the Federal Republic of Germany, two 
power plants were handed over to customers. 
Whereas domestic sales dominated in the previous 
year, demand and thus the focus of business shifted 
to the United States in 1986/87, where 13 CTh 
power plants employing Lurgi technology with a total 
capacity of some 2,400 megawatts were sold. As 
mentioned, Lurgi has decided to service the North 
American market via a licensee, Combustion En-
gineering Inc. The remaining work on the first four 
CFB plants sold in North America, which are at 
present being started up, will still be handled by 
Lurgi. 

Williams Technologies also plans to build a 1,200-mile 
pipeline called Westrans, which will move coal from 
mines near Gillette, Wyoming to ports in Long Beach, 
California. The coal then will be shipped to Japan. 

Westrans will use carbon dioxide instead of water to 
make the slurry. The line is slated to be operating 
by 1995. 

LURCH TO OPERATE THROUGH COMBUSTION 
ENGINEERING IN THE UNITED STATES 

The Lurgi GmbH division of Metallgesellschaft AG was 
restructured in 1987. 

The staff of the Lurgi Group at the date of the 
balance sheet was some 400 lower than the previous 
year's figure.	 About half the decline occurred in 
Germany and half abroad. The adjustment of the 
workforce to the reduced volume of business was 
accompanied in Frankfurt by the effects of the 
relocation to the new Lurgi-Ilaus in lleddernheim. 
The new complex creates conditions for more effi-
cient working procedures and better communication. 

As the total volume of business in the United States 
of America remained too small to justify the exis-
tence of an engineering subsidiary, Lurgi has trans-
ferred the successful business In power plants based 
on the Circulating Fluid Bed (Cm) to Combustion En-
gineering Inc., Stamford, Connecticut. Lurgi Is con-
tinuing to supply the basic engineering and receives 
corresponding royalties. 	 Its presence in the United 
States is maintained by a sales office. These 
changes reduced Lurgi Corporation's workforce by 130 
in 1987; the personnel in question have been taken 
on by Combustion Engineering.

NACCO NOTES INCREASED COAL SHIPMENTS TO GREAT 
PLAINS GASIFICATION PLANT 

The North American Coal Corporation, subsidiary, 
Coteau Properties Company, in North Dakota operates 
the company's largest mine, the Freedom Mine, which 
in 1987 set a North American Coal tonnage record 
with shipments of 11.1 million tons in 1986. Coteau 
supplies the Great Plains Gasification Project and the 
mine-mouth Antelope Valley Station, owned by Basin 
Electric Power Cooperative. 

Coteau's lignite shipment to the Great Plains 
Gasification Project totaled 5.9 million tons in 1987, 
up slightly from the prior year's shipments of 
5.5 million tons. 

KIT CONTINUES BROAD PROGRAM OF COAL-RELATED 
R&D 

The Institute of Gas Technology (IGT) is conducting 
research in a number of areas related to coal 
gasification. The Institute's 1987 Annual Report 
summarizes several of the programs. 

Coal and A. Chemistry 

In a continuing Department of Energy-supported 
study, lOT researchers are investigating the effects 
of ash viscosity, temperature, particle velocity, and 
rate of particle entrainment on the formation and 
growth of ash agglomerates in the jet region of a 
fluidized-bed gasifier. These studies are instrumental 
in examining the behavior of coal mineral matter 
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during gasification In a fluidized bed. The effects 
of using limestone in the gasifier for in situ sulfur 
capture and of adding 502 from a hot-gas desul-
furization unit to the fluidization gases are also un-
der study. 

Data obtained during the past year on mineral mat-
ter reaction times can be combined with the tem-
perature profiles and particle residence times in the 
jet region that are being defined in the present 
program to predict the formation of molten ag-
glomerates. The mineral matter of six bituminous 
and one subbiturninous coal was characterized and 
the coals gasified in a two-inch-diameter reactor. 
In these experiments, the most significant factor in 
promotion of ash agglomerate formation was the iron 
content of the ash. 

IGT also began an experimental program, jointly 
funded by the Gas Research Institute (Gal) and the 
State of Illinois, to study the kinetics of reactions 
involved in the in situ capture of sulfur during coal 
gasification using limestone. This research deter-
mined the appropriate size of limestone that should 
be used in a fluidized bed gasifier. The project is 
studying both the sulfation and the sulfidation reac-
tions of the lime to maximize the sulfur capture and 
produce a spent limestone that is environmentally 
suitable for disposal. 

IGT continued work on two basic research studies of 
the primary reactions occurring during the initial 
stages of coal gasification, one funded by CR1, the 
other by the Department of Energy (DOE). The 
project for DOE, investigates the fate of nitrogen-
sulfur-, and oxygen-containing groups introduced into 
the coal structure. In the work for CR1, hydrocar-
bon structural groups and deuterium and carbon-13 
labels are introduced into the coal matrix. 	 The
modified coals are then rapidly pyrolyzed/gasified in 
a wire-screen reactor system. By determining the 
disposition of the functional groups in the reaction 
products, scientists obtain information on the reac-
tion pathways in the early stages of gasification. 

Advanced Gasification Research 

IGT completed a program for Gal to determine the 
gasification characteristics of finely ground de-ashed 
bituminous coals cleaned by a physical and chemical 
process. The coal's overall reactivity during 
catalytic gasification was shown to be about 
40 percent higher than that of the coarse coal, 
primarily because of the large surface area rendered 
by the fine grinding. The use of de-ashed coal 
decreases the makeup catalyst requirement by about 
04 percent. 

1GT completed a two-year project for DOE to 
develop a wet carbonization process to beneficiate 
low-rank coals using a non-slurry feed and discharge 
system to improve the thermal efficiencies of han-
dling large quantities of slurry. Tests of three lig-
nites and one subbituminous coal showed wet car-
bonization to be effective in reducing the equi-
librium moisture content to 11 percent and lowering

sodium contents by 80 percent, while increasing the 
calorific values of the wet-carbonized coal by as 
much as 16 percent. The generation of fines was 
also reduced. 

For CR1, IGT began developing two novel catalytic 
coal gasification process concepts. One uses 
ultrasound-promoted catalysis for gasifying coal 
slurries at low temperatures. A laboratory-scale 
system capable of operating at 550°F and 1,200 psig 
has been designed and built; it is believed to be the 
first ultrasound system capable of operating at such 
temperature and pressure levels. Initial tests showed 
that the application of ultrasound waves to 
catalyzed lignite slurry at 550°F increases hydrocar-
bon gas yields by a factor of four compared to 
methods that do not use ultrasound. 

The second concept involves the use of a gaseous 
catalyst system to increase the rate of coal 
gasification using steam at a relatively low tempera-
ture around 1,000°F. The gaseous catalyst has the 
advantage of reaching all the sites where steam can 
react with coal. The use of low temperatures has 
the potential of enhancing the thermal efficiency of 
the coal gasification process. Based on an examina-
tion of the physical and chemical properties of a 
large number of metal halides and oxides, a few 
compounds have been identified that are suitable for 
testing. 

The IGT completed an experimental program on the 
production of chemical feedstocks from Illinois coals 
using the principles	 of	 short	 residence	 time 
hydropyrolysis. This program was sponsored by the 
Illinois Coal Research Board and the Illinois Depart-
ment of Energy and Natural Resources. The experi-
ments conducted in an isothermal free-fall reactor 
investigated the effect of thermal severity on 
product distribution. The results validate the 
feasibility of selectively controlling yields of chemi-
cal feedstock species consisting of benzene, toluene, 
xylene, naphthalene, and oxygenated species consist-
ing of phenols. The operating conditions to produce 
a compliance char with 12 percent to 15 percent 
volatile matter as a coproduct were also identified. 

Hot Gas Cleanup 

The lOT continued a program for DOE to develop 
processes for the high-temperature desulfurization 
and dechlorination of coal-derived fuel gases. Tests 
of several different sorbents developed at IGT were 
successfully in substantially reducing the sulfur and 
hydrochloric acid contents of such gases. These 
sorbents are also expected to be able to remove 
trace metal-containing contaminants from high-
temperature gas streams, which could be extremely 
valuable for use in advanced power plant technology 
with coal gasification and molten carbonate fuel cell 
systems. 

Catalysis 

lOT researchers continued work on the development 
of the Direct T'Iethanation Process for GRI. 	 An 
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adiabatic test unit and an isothermal test system 
consisting of four reactor units were built and In-
stalled in a trailer that will be used in field test-
ing. One test was used to methanate a stream of 
sour gas produced from an underground coal 
gasification pilot project in Wyoming. 

Catalysis research at lOT also includes projects on 
internal reforming for solid oxide and molten car-
bonate fuel cells, steam reforming of diesel fuel, the 
CO 2 reforming of methane, and hydroreforming 
catalysis studies. 

Fluidization Research 

In a DOE-sponsored program, lOT determined the ef-
fects of gas density and viscosity on coal char at-
trition and fines entrainment rates in fluidized beds 
using an advanced multipurpose research reactor. 

IGT	 conducted	 an	 experimental	 program	 for
E.I. DuPont de Nemours & Company to determine 
fines entrainment from a fluidized bed. For Exxon 
Corporation, lOT researchers determined the effect of 
pressure on bubble sizes in fluidized beds of 
catalysts. They also designed nonmechanical valves 
for solids transport for Keller/Dorr-Oliver Corporation 
and Foster Wheeler Corporation. 

lOT participated as a subcontractor in a DOE 
sponsored project to develop a second-generation 
pressurized fluidized-bed combustion system. lGTts 
role was to develop a computer model of an in-
tegrated coal carbonizer used to extract chemical 
energy from coal prior to combustion in order to 
predict its performance with different coal feeds and 
at varying temperatures and pressures. 

U-GAS 

IGT continued its efforts to commercialize the 
UGAS process in the United States and abroad. In 
1987, lOT entered into a license agreement with 
Orien Engineers Ltd. to market the process in India. 
They tested samples of coal from India and China to 
determine their suitability for use in the process and 
have prepared preliminary designs for organizations 
in these countries. 

Molten Carbonate Fuel Cells (MCFC) 

One of the most significant developments in lOT's 
MCFC programs in 1987 was the formation by lOT 
subsidiary CDC, Inc., of M-C Power Corporation, a 
corporation that will manufacture, market, and serv-
ice MCFC power plants in the United States and 
abroad. lOT also entered into a licensing agreement 
with a firm in The Netherlands for the commer-
cialization of LOT's MCFC technology in Europe.

In other programs, LOT helped one of its partners 
achieve the critical process scale-up of their com-
ponents to the four-square-foot size range and to 
successfully operate multicell stacks. lOT Is now 
building the capability to operate small stacks (two 
to three kilowatt) for testing new materials and 
design concepts, Including internal reforming. 

ALLIS-CHALMERS GROUP WANTS TO SPIN OFF KII.NGAS 

It has been reported that a group of executives 
from Allis-Chalmers Coal Gas Corporation, developer 
of the KILnOAS coal gasification process, have 
formed a new company called XceI Inc. 

Xcel will pursue alternative energy projects and en-
vironmental consulting work. it also is negotiating 
with Allis-Chalmers, which Is in bankruptcy, to ob-
tain licensing rights to the KLLnOAS technology. 

The group plans to continue to look for sponsors for 
a KILnGAS project, even though the coal gasification 
technology may not be commercially viable until oil 
prices increase to $25 per barrel. 

EXXON DEVELOPS IMPROVED COAL LIQUEFACTION 
PROCESS 

Exxon Corporation, in its 1987 Annual Report, 
revealed that Exxon researchers have developed a 
better process for the liquefaction of coal to 
produce high yields of gasoline and middle distillate 
fuels. This new technology is a significant advance 
over the EDS process which Exxon demonstrated five 
years ago at a 250-ton-per-day pilot plant. 

The new process has been tested in a small pilot 
plant operated at Baton Rouge, Louisiana, by Exxon 
Research & Engineering. 
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GOVERNMENT 

MOLTEN CARBONATE FUR. CELLS GET REVIEW 
FUNDING 

The United States Department of Energy (DOE) will 
add up to $25 million to the research efforts of 
three fuel cell developers in an effort to resolve 
technical obstacles that have impeded scale-up of 
the molten carbonate fuel cell technology. 

The work will be carried out by International Fuel 
Cells (IFC) of South Windsor, Connecticut; Energy 
Research Corporation (ERG) of Danbury, Connecticut; 
and the Institute of Gas Technology (IGT) of Chicago, 
Illinois. The IFC and the ERG funding will be added 
to existing development efforts while the IGT funding 
will be provided In the form of a new contract. 

The contracts, which will be administered by the 
Morgantown Energy Technology Center, were awarded 
after DOE decided not to proceed, at this time, with 
the selection of a firm to develop a full-size, 
commercial-scale molten carbonate stack. Fabrica-
tion of a full-scale stack is the next step in the 
development of the molten carbonate fuel cell. But 
last year, when DOE ran a competition to select a 
firm to develop the stack, the department discovered 
several weaknesses In the proposed projects. DOE 
decided that a selection would be premature and 
that funding would be better used to overcome the 
obstacles identified during the competition, and to 
ensure that the selected project could use coal gas 
as its primary fuel source. Subsequently, the three 
firms that bid under the original competition sub-
mitted new research proposals which addressed the 
concerns raised by the department. 

The IFC effort will locus on Increasing stack life 
from 20,000 to 40,000 hours and boosting voltage 
output. DOE will provide $7.5 million to the ongo-
ing development effort. The IFC fuel cell concept 
uses a configuration in which hydrogen would be ex-
tracted from coal gas In a separate reformer outside 
the fuel cell assembly. 

EEC's concept, by contrast, Is based on an internal 
reforming design. Hydrogen Is extracted from the 
fuel within the cell. EEC's existing contract will be 
modified to increase the size of the cell and the 
stack height and to evaluate the feasibility of ap-
plying the internal reforming concept, originally 
developed for natural gas, to coal-fueled systems. 
ERG will receive $8.3 million from DOE while provid-
ing $1.05 million of its own funds. 

IGT will receive a new contract to develop their 
"Internally manifolded heat exchanger" concept. This 
system arranges the fuel cells In a unique geometric 
pattern within the stack that allows more efficient 
heat exchange. The arrangement also permits the 
stack to shrink over time without damaging the sys-
tem.	 Stack shrinkage Is one of the problems that 
has plagued past fuel cell development efforts.

1GT's contract Is valued at $9.4 million In federal 
funds. 

Each of the three development efforts is designed to 
last up to 24 months. However, DOE will review 
the progress of each effort in 18 months and decide 
which, if any, of the projects should be completed. 
The department will also decide at that time 
whether to issue another competitive solicitation for 
a full-size commercial molten carbonate fuel cell 
stack. 

PENN STATE W CONTINUE COAL SAMPLE BANK 

To provide scientists working on government-
sponsored research projects with consistent types and 
qualities of coal, the Department of Energy's Pitts-
burgh Energy Technology Center has asked the Pen-
nsylvania State University to continue operation of 
the Department of Energy-sponsored coal sample bank 
for another three years. 

Because coals from across the nation can vary 
greatly in terms of their physical and chemical 
characteristics, Penn State began to collect coal 
samples for the government in 1967. The University 
has accumulated a bank of more than 1,500 samples 
collected from coal fields across the United States. 

Under the new, three-year, $515,000 contract the 
University will maintain samples of 50 coals from a 
variety of regions In the United States. In addition 
to storing the samples, Penn State will compile the 
characteristics and geological history of the coals 
which will then be maintained in a computerized 
data base. 

Scientists working on government-funded research 
will be able to request one-pound samples plus the 
associated data on as many as 15 coals at a time. 
By using the chemical sample and data base, 
researchers can avoid having to obtain individual 
coal samples from mines across the country or 
duplicating basic analyses of the coal. 

Under the new contract, Penn State will collect 
coals to replenish samples of previously characterized 
coals that have been depleted. All samples will be 
stored and handled under inert atmospheric conditions 
to prevent deterioration that could cause changes in 
the coal's composition. The coals will be stored and 
distributed from Penn State's main campus in Univer-
sity Park, Pennsylvania. 
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GAO SAYS GOVERNMENT SHOULD GET AT LEAST 
$1 BILLION FOR GREAT PLAINS 

In April, the House Energy and Power Subcommittee, 
chaired by Representative Phil Sharp of Indiana, held 
an oversight hearing on the proposed Department of 
Energy (DOE) divestiture of the Great Plains coal 
gasification project. 

Sharp	 had expressed	 concern that DOE	 might	 be 
holding a	 "fire sale" of Great Plains. Sharp said at 
the opening of	 the	 hearing,	 "While I would support 
sale	 of	 the facility	 at	 a	 fair price, DOE appears to 
be ready to sell at almost any price, however low."

Sharp noted, as did other witnesses, that the Great 
Plains project has accumulated $125 million in 
profits; was built under budget and brought in on 
time; and has generally met the goals set for it. 

Testifying for the General Accounting Office (GAO) 
was Keith Fultz, who said the GAO has taken no 
position on whether the Great Plains facility should 
be sold to private interests. However, the GAO cal-
culated that for the government to be as financially 
well off from selling the project as it would be 
from retaining ownership, the project would have to 
be sold for at least $1 billion. 

DOE Assistant Secretary Allen Wampler said the 
department has two goals that should be served in 
selling the project: (1) receiving a fair value for 
the facility; and (2) encouraging long-term operation 
of the plant. 

Since the bids for purchase of the project are still 
under consideration, Wampler was not able to discuss 
them. He did say, In response to questions, that 
DOE has not decided what timeframe should be 
covered for long-term plant operation; 	 possibly
20 years since the existing purchase contracts for 
Great Plains gas run that long. He also said the 
department may put into the sales contract a 
"reversionary" provision that would allow the govern-
ment to collect royalties If natural gas prices rise 
more than expected and the plant becomes highly 
profitable, 

The Department of Energy disagreed with three as-
sumptions in the GAO report. First, in arriving at 
the $1 billion figure, GAO assumed a borrowing rate 
of 8.1 percent. No company would be able to bor-
row money that cheaply, especially for a high-risk 
energy project, DOE spokesman said. 

Second, GAO assumed the new owner would be able 
to take advantage of all the production tax credits 
available to the plant. Some of the bidders would 
not be eligible to receive all the credits. 

Third, GAO used energy price forecasts that are too 
high and therefore inflate the value to the govern-
ment of keeping the project. 

GAO said it used the 8.1 percent interest rate be-
cause that is how much it would cost the govern-
ment to borrow money from the Treasury. Further,

GAO did provide an alternative minimum bid of 
$729 million based on a higher discount rate, the 
agency said. DOE argued that the higher rate, 
12.5 percent, still was too conservative given the 
risk of the venture, but GAO said it believes DOE 
and industry are playing up the risk when In fact 
the project has guaranteed contracts to sell its syn-
thetic natural gas at prices higher than the average 
market price. 

GAO said its energy price forecasts came from 
Wharton Econometrics. The agency used Wharton 
figures from the second quarter of 1987 predicting 
natural gas prices per thousand cubic feet of $2.96 
in 1990, $4.37 In 1995, $5.72 in 2000 and $6.83 in 
2005. According to GAO, the method used by DOE 
and its financial advisor, Shearson Lehman Hutton, 
resulted in gas price forecasts that are too low. 

Representative Mike Synar, of Oklahoma, expressed 
concern that the current procedures would permit 
the purchase of Great Plains by companies that 
originally developed the project and then defaulted 
on the $1.5 billion in guaranteed loans. In response, 
Wampler asserted that there is no legal way to 
preclude the five companies from submitting a bid. 
He added that DOE will be looking at how the pur-
chase of Great Plains might affect the overall health 
of a potential purchaser. 

The subcommittee was concerned that Coastal Cor-
poration might have an unfair advantage because it 
helped design and build the plant and because it 
owns ANG Coal Gasification Company, the company 
that is running the project tinder contract with DOE. 
Also, a managing director of Shearson Lehman was 
sitting on Coastal's board of directors when DOE 
signed a contract with the New York investment 
banking firm to help it sell Great Plains. 

The subcommittee said DOE satisfactorily answered 
its concerns by assuring the panel that no informa-
tion was passed between Coastal and the Shearson 
director. Sharp said, 'there is too much at stake 
to allow the department and its Wall Street advisors 
to make these decisions in secret." Sharp had ac-
cused DOE of deciding first that it wanted to sell 
the plant and then coming up with the numbers to 
back up its decision. A major uncertainty is the 
value to a buyer of the tax credits which would 
come with the plant and could be worth as much as 
$600 million according to some estimates. Without 
the credits, it is unlikely that any substantial bids 
would be received. 

The plant currently produces 142 million standard 
cubic feet per day of synthetic natural gas. ANC 
Coal Gasification Company estimates that with 
modifications, Great Plains could produce a number 
of other marketable byproducts. 	 For example, the
plant could recover five million gallons per year of 
benzene.	 And by installing cryogenic fractionation 
equipment, it could produce 33,000 tons per year of 
argon. Other possible byproducts are 53.6 million 
pounds per year of cresyllc acids, SO million pounds 
per year phenol, and 1.8-4.0 million tons per year 
of carbon dioxide. 
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The plant has guaranteed contracts for its product. 
The buyers include Tennessee Gas Pipeline Company, 
(30 percent) ANR Pipe Line Company (25 percent), 
Transcontinental Gas Pipe Line Company (25 percent); 
and Natural Gas Pipeline Company of America 
(20 percent). The companies lost a lawsuit to get 
out of the purchase contracts which were signed 
before the plant was built. However, the pricing 
basis in the contracts changes next year, and results 
in a substantial drop in the price received by Great 
Plains. Thus far the price has been keyed to fuel 
oil, but next year shifts to wellhead prices for 
natural gas.	 At current wellhead prices, Great
Plains could not cover its operating costs. 

ALKALI EVOLUTION TO BE STUDIED UNDER DOE 
CONTRACT 

The United States Department of Energy has awarded 
a three-year contract to SRI International of Menlo 
Park, California to research the release of alkali 
metal compounds during combustion and gasification. 
These compounds, when present in gases passing 
through gas turbine power generating equipment, can 
cause serious corrosion and are a major concern in 
the use of coal as a fuel for gas turbine power 
generating systems. 

The first goal of the $917,793 program is to ex- 
perimentally observe alkali behavior In laboratory 
combustors and gasifiers. The second goal is to 
model the behavior of corrosive alkalis in pressurized 
fluidized bed combustors (PFBC) and coal gasifiers. 

Turbine systems require alkali levels to be less than 
20 parts per billion to prevent corrosion of turbine 
parts.	 Alkalis are in the vapor phase at tempera-
tures above approximately 1,400 0 F. At lower tem-
peratures, most of the alkalis present can condense 
on particulates. Therefore, they can be removed by 
conventional particulate devices. 

SRI International plans	 to build	 a	 laboratory	 scale 
PFBC and a	 coal gasifier. Researchers will observe 
and identify	 the alkalis	 present	 and the interactions 
they undergo by using mass spectrometry,	 lasers and 
other equipment.

The Morgantown (West Virginia) Energy Technology 
Center will manage the government's participation In 
the project.

DOE REALIGNS FOSSIL ENERGY ORGANIZATION 

The United States Department of Energy In March 
restructured its fossil energy organization to accom-
modate increases in activity and visibility of the 
$2.5 billion clean coal technology initiative. The 
realignment also includes changes in the coal 
research and development program and in supporting 
staff functions. Simultaneously, several senior-level 
fossil energy management officials were given new 
assignments.	 The restructuring applies only to the
Energy Department's headquarters organization. 

In the coal program, changes in the organization in-
clude the establishment of two "associate deputy as-
sistant secretaries," both reporting to the Deputy 
Assistant Secretary for Coal Technology. One as-
sociate deputy assistant secretary will oversee the 
Clean Coal Technology Program. 

Two offices will report to the Associate Deputy As-
sistant Secretary for Clean Coal: an Office of 
Clean Coal Technology and an Office of Environment 
and Systems Engineering. C. Lowell Miller has been 
named the Associate Deputy Assistant Secretary for 
Clean Coal, while Douglas B. Uthus will head the 
Office of Clean Coal Technology and David S. Jewett 
will direct the Office of Environment and Systems 
Engineering. 

A second associate deputy assistant secretary will 
manage the coal research and development program. 
This program funds the higher-risk, longer-range coal 
concepts that are still in the early stages of 
development. Thomas F. Bechtel, an associate direc-
tor at the Energy Department's Morgantown, West 
Virginia Energy Technology Center, will assume this 
position on an interim basis until it is filled per-
manently. 

An Office of Coal Combustion, Coal Preparation and 
Control Systems, headed by Howard Feibus, will 
report to the Associate Deputy Assistant Secretary 
for Research and Development, as will an Office of 
Coal Conversion Systems to be directed by Gary E. 
V oelker. 

Two staff supporting functions drawn from elements 
within the previous organization have been estab-
lished and will report directly to the Assistant 
Secretary. These are the Office of Planning and 
Environment, which will be headed by Denise F. 
Swink, and the Office of Communications to be 
directed by Robert C. Porter. 

A revised organization chart for the Office of Fossil 
Energy Is given in Figure 1. 
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CLEAN COAL TECHNOLOGY SOLICITATION DRAWS 54 
PROPOSALS 

The expanded Clean Coal technology Program at-
tracted 54 proposed projects, for the Round 2 
solicitation to demonstrate a new generation of 
cleaner, more efficient pollution control and power 
generating options for the United States. 

The proposals met the Department of Energy's 
May 23 deadline for submissions under the second 
round of the government's Clean Coal Technology 
Program competition. The program provides federal 
funds for advanced "demonstration projects" that 
employ as yet uncommercialized technologies for 
reducing air pollution from coal use. 

The 54 proposals are competing for $536 million in 
federal funds, with selected companies required to at 
least match the government's share. 

The funds are part of a $2.5 billion, five-year in-
itiative announced last year by President Reagan to 
develop a suite of advanced technologies that can 
reduce airborne emissions of the sulfur and 
nitrogen-based pollutants associated with acid rain.

The President's pledge expanded a $400 million 
(federal share) Clean Coal Technology Program begun 
In 1986. To date, that initial round of competition 
has resulted in seven agreed-upon projects and four 
proposals still in negotiation. 

The new proposals (table 1) include a variety of 
project ideas ranging from improved pro-combustion 
coal cleaning techniques to more effective stack gas 
scrubbing concepts. Also included are advanced 
power generating concepts that depart significantly 
from a traditional coal-burning utility plant. 	 In all,
clean coal projects were proposed in 20 states. 

In its February 22, 1988, call for proposals, the 
Energy Department specified that the proposed 
projects must be located in the United States at 
either an existing or new facility and must use 
domestic coals. 

The department will evaluate the proposals 
throughout the summer and select the most promising 
concepts for negotiations by the end of October. 
Proposals will be evaluated on the basis of their 
technical potential, the business and management ap-
proach, and cost proposed by the offeror. 

TABLE 1 

CLEAN COAL Th(LOGY WEND #2 SUBMISSIONS 

Suthiittcr Project Title Proposed Site 

Allison Gas Turbine, GM; Venice Advanced Pressurized Venice,	 IL 
Union Electric Corp.; Fluidized Bed Combustion 
Foster Wheeler DevI. Corp., Demonstration Project 
Bechtel North American Paver Co. 

American Electric Power Philip Sporn Plant Pressurized New Haven, WV 
Service Corporation Fluidized Bed Ccrtustion 

Repowering Project 

Babcock & Wilcox Co. Full Scale Demonstration of Low Not Specified in 
Alliance, OR NOx Cell Burner Retrofit Public Abstract 

Babcock & Wilcox Co. Demonstration of Reburning Not Specified in 
Alliance, OR for Cyclone Boiler NOx Control Public Abstract 

Babcock & Wilcox Co. Furnace Limestone Injection, Dilies Bottom, 
Alliance, OR Dry Scrubbing OR 

Babcock & Wilcox Co. 5 &Ve Demonstration of SOx-NOx Dilles Bottom, 
Alliance, Oil Box Box Process OR 

Bechtel National,	 Inc. Combined Zone Dispersion Flue Seward, PA 
San Francisco, CA Gas Desulfurization Damn. 

Bethlehem Steel Corp. Innovative Coke Oven Gas Sparrows Point, 
Bethlehem, PA Cleaning System of Retrofit MD 

Applications
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Calderon Energy Co. Calderon Method for Repowering Bowling Green, 
Bowling Green, OR Coal Burning Facilities as a OR 

Novel	 integrated Gasification 
Combined Cycle Process 

Char-Fuels Associates, Ltd. Dave Johnston Charfuel Damn- Glenrock, WY 
Englewood, ai stration Project 

CLI Corporation Advanced Integrated Fine Coal Not Specified in 
Pittsburgh, PA Cleaning Process Public Abstract 

Coal Dynamics Corp. Controlled Burnout and Electrical Fayette County, 
Camp Hill, PA Energy Production of the Plumne PA 

Puritan Mine Fire 

Cogentrix/Coastal Joint The WiIiianburg Project Jame City 
Venture, Charlotte, NC (Coal Micropulverization Boiler County, VA 

Project) 

Combustion Engineering Co. Demonstration of a Pulverized Not Specified in 
Windsor, CT Coai NOx Reduction Reborn Public Abstract 

System on a Cyclone Boiler 

Combustion Engineering Co. Demonstration Project for Post Yorktown, VA 
Windsor, CT Combustion Dry Sorbent Injection 

Technology 

Combustion Engineering Co. innovative Clean Coal Gasification Not Specified in 
Windsor, Cr Repowering Project Public Abstract 

Combustion Engineering Co. CamErciai Demonstration of Niles, OH 
Windsor, CT WSA-SNOx Technology 

Cool Water Coal Gasification Cool Water Gasification Daggett, CA 
Program, Daggett, CA Extended Damnstration and 

Development Program 

Cyclean,	 Inc. Microwave Applications for Illinois 
Georgetown, TX Clean Coal Technologies 

Duquesne Light Company Coal Optimization Process for Pennsylvania 
Pittsburgh, PA Emission Reduction (QDPER Project) 

Energy Partners,	 Inc. Retrofit an Existing Industrial Sauget,	 IL 
Washington, DC Boiler w/TAS Coal Micronization 

System 

En-R-Tech International The En-R-Tech Clean Coal Carbondale,	 IL 
Bolingbrook,	 IL Emission Program 

Florida Power & Light Co.! Florida Coal Gasification Indiantown, FL 
Florida Coal Gasification Advancement Project 
Inc., Miami,	 FL 

Frontier Energy Corp. Coal/Heavy Oil Hydrogenation Lake County, OR 
Willoughby, OR Plant Co-Processing High Technology 

Independence, City of Missouri Combined Cycle Circulating independence, MO 
Power & Light Dept., Fluidized Bed with Air Cooled 
Independence, MO External Heat Exchanger 

Heiipunp,	 Inc. An Innovative NOx and SOx Not Specified in 
Cleveland, OR Control with an All Solid State Public Abstract 

Electro Catalytic Modular IGR 
Process
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K-Fuel Partnership Coal Processing Utilizing the Gillette, WY 

Denver, a) K-Fuel Process to Produce High 

BTU, Low Sulfur Fuel from Low 
Ranked Subbituminous Coal 

Lignite Research Council Partial Application for Fluidized No Public 

North Dakota Bed Cogeneration in Conjunction Abstract 

with Great Plains Coal Gasifi- Submitted 

cation Plant 

Manitowoc Public Utilities Clean Coal Technology Be- Manitowoc, 

Manitowoc, Wisconsin Powering Project via AtnDs- Wisconsin 

pheric Circulating Fluidized Bed 

M-C Power Corp. Coal Fired IMHEX Molten Carbonate Chicago,	 IL 

Chicago,	 IL Fuel Cells for Combined Cycle 

Rep owe ring 

Minnesota Power Coal Beneficiation Demonstration- No Public 

Hot Water Drying Technology Abstract 

Submitted 

Modular Power Plant Hamr City Modular Fluidized Herne r City, PA 

Limited Partnership Bed Power Plant Project 

New York, NY 

Montana State University SO2 and NOx Removal with No Public 

Petroleum Pitch Abstract 

Submitted 

Northern States Power Co. An Integrated Post Combustion Becker, MN 

Minneapolis, M14 Environmental Control System 

NOXSO Corporation NOXSO Flue Gas Cleanup Process Ohio 

Library, PA 

Otisca Industries Production of Compliance Otisca Not Specified in 

Syracuse, NY Fuel/Coal Water Slurry from Public Abstract 

High Ash and Sulfur Coal and 

Its Combustion in Retrofitted 

Industrial Boilers 

Passamaquoddy Tribe Passamaquoddy Innovative Clean Thomaston, ME 

Thoanston, Mt Coal Technology Programs 

Application (Recovery Scrubber) 

Pedco,	 Inc. Industrial Demonstration of the Cincinnati, OH 

Cincinnati, OR Peden Rotary Cascading Bed Boiler 

Pure Air Advanced On-Site Flue Gas Gary,	 Indiana 

do Air Products & Chemicals, Desulfurizat ion Process 

Inc., Allentown, PA 

Southern Company Services 100 MV Demonstration of Innovative Atlanta, GA 

Birmingham, AL Application of Technology for Cost 

Reductions to the Chiyoda Thorough-

bred-121 Flue Gas Desulfurizatton 

Process 

Southern Company Services 500 MV DonDnstration of Advanced Rome , GA 

Birmingham, AL Wall Fired Combustion Techniques 

for the Reduction of Nitrogen 

Oxide Emissions from Coal-Fired 

Boilers
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Southern Company Services Demonstration of Selected Pensacola, FL 

Birmingham, AL Catalytic Reduction Technology 
for the Control of Nitrogen 
Oxide Emissions 

Southern Company Services 180 MW Danz,nstrat ion of Advanced Panaim City, FL 
Birmingham, Al. Tangentially-Fired Ca,-bustion 

Techniques for the Reduction of 
Nitrogen Oxide Emissions from 
Coal-Fired Boilers 

Southern Illinois Coal Mine/Preparation Waste Carbondale,	 IL 

University, Carbondale, 	 IL Fueled Paver Plant Expansion 

Southwestern Public Services Nichols Station Unit 3 Amarillo, TX 

Co., Anmriilo, TX Circulating Fluidized Bed Project 

A. E. Staley Manufacturing Decatur Plant Utilities Decatur,	 IL 

Division of Staley Repowerlag and Cogeneration 
Continental,	 Inc. Demonstration Project (Multiaolid 
Decatur,	 IL Fluidized Bed Ccntustion) 

Sunlaw Energy Corp., Chanute Air Force Base Rantoul,	 IL 

Institute of Gas Technology Integrated Gasification 
Foster Wheeler Corp. Combined Cycle Project 

Tallahassee, City of A. B. Hopkins Generating Station Tallahassee, FL 
Tallahassee, FL Circulating Fluidized Bed 

Replacement Boiler 

Tennessee Valley Authority 160 MW Atmospheric Fluidized Bed Paducah, KY 
Chattanooga,	 114 Combustion Demonstration Test 

Program 

TransAlta Resources Low NOx/SOx Burner Retrofit Marion,	 IL 

Investment Corp. for Utility Cyclone Boilers 
Calgary, Alberta, Canada

Ultrasysten Engineers &	 Pilot Project for Demnstrative	 Montgomery 
Constructors Inc.	 Use of Selective Catalytic	 County, IL 
Irvine, CA	 Reduction to Control Nox 

Emissions from an Existing Cyclone 
Electric Utility Boiler

Virginia Electric Power Co., 
Island Creek Corp. 
Bechtel North Anmican 
Power Corp., Electric Power 
Research Institute 

Western Energy Co. 
Butte, vfF

Integration of Multiproduct 
Coal Cleaning & Fluidized Bed 
Combustion 

Advanced Conversion Process 
Demonstration 

Mt. Storm Power 
Station 
Grant & Tucker 
Counties, WV 

Coistrip, MT 
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ENERGY POLICY AND FORECASTS 

COAL COUNCIL STUDIES DELAYED UNTIL FALL 

At its November 12, 1987 meeting in New Orleans, 
the Coal Policy Committee of the National Coal 
Council agreed to undertake two studiesat the re- 
quest of the United States Secretary of Energy. 
One study concerns Clean Coal Technology, and the 
other is to address Coal Utilization in the Industrial, 
Commercial Residential and Transportation Sectors. 

Clean Coal Technology 

The committee heard a statement from K. Yeager of 
the Electric Power Research Institute, outlining the 
directions for a Clean Coal Technology study. The 
first question to be answered concerns the various 
environmental and cost tradeoffs and impacts of 
emerging clean coal technologies compared to the 
existing demonstrated approaches for emissions reduc-
tion, which include low sulfur coal, flue gas scrub-
bing, increased efficiency and conservation. The 
report should indicate where clean coal complements 
those existing options, not necessarily replaces them. 
In other worth, how does the country best use that 
family of options? 

Secondly, what is the United States technical and 
commercial position In clean coal technology vis-a-
vis the International competition? Earlier reports by 
the group looked at the international situation with 
respect to coal (Improving International Competitive-
ness of U.S. Coal and Coal Technologies, National 
Coal Council, June 1987) but little attention was 
paid to the technological opportunities or limitations 
vis-a-vis International competitors. 

Thirdly,	 how will clean coal technology affect 
domestic and international coal markets? 

Fourth, what economic and regulatory changes and 
Incentives are required to achieve the most effective 
Implementation of clean coal technology, both domes-
tically and Internationally.	 There are many dimen-
sions to clean coal technology. New plants, 
repowering, retrofit, all have quite different Incen-
tives, quite different opportunities, quite different 
roles to play. 

In summary, the key question to be answered is, can 
the active and proposed clean coal Initiatives really 
achieve their stated objectives, and if not, how 
should they be modified. 

The goal of the report would be to advise the 
Department of Energy and the nation as to where 
the clean coal initiative fits In the overall objec-
tives of achieving environmental quality, energy 
security, and economic prosperity. The role of the 
National Coal Council would be one of evaluating 
the conflicting and often not well -substantiatedposi-
tions now offered on these questions.

Industrial, Commer.al, Tmmp.rtatloa 

The focus of the second study is the fact that 
throughout this century coal has lost its grip in the 
light industrial, commercial, residential, and transpor-
tation sectors. Coal Is now, primarily, a utility 
fuel. 

However, the Department of Energy's concern is that 
about 95 percent of the recoverable fossil energy 
reserves in the United States are coal; but about 
75 percent of all the fossil energy that is being 
used is oil and gas based. 

Almost all of the oil and gas used in the United 
States today and projected to be used In the future 
is being used in the light Industrial, commercial, 
residential, and transportation sectors. 

The Department of Energy obviously has many ideas 
about what can be done to develop technologies that 
might be able to bring coal back into competitive-
ness with oil and gas in those market sectors. 
However, there are many non-technical reasons why 
coal is not today and may not In the future be 
utilized In these market sectors. The Department is 
therefore requesting the Council to analyze why coal 
is not being used in those sectors, what the im-
pediments are, and what needs to be done to bring 
coal into these market sectors. 

In seven previous reports that the Coal Council has 
done for the Department of Energy the Council has 
made recommendations to the Secretary and given 
advice on things that could be done for expanding 
the markets for coal. That type of advice is again 
requested, this time specifically for the Industrial, 
Commercial, Residential, and Transportation Sectors. 

Schedule 

At its November meeting, the Committee Indicated a 
plan to have the above two reports Issued by June. 
Although both reports have now been prepared in 
preliminary draft form, the Council Is not prepared 
to review them until August, and publication will 
likely be in the fall. 

ACS URGES INCREASED FUNDING OF COAL RESEARCH 

In March T. G. Squires, chairman of the Fuel 
Chemistry Division of the American Chemical Society, 
presented the Society's views on Department of 
Energy support of coal research and development to 
the House Science, Space and Technology Subcom-
mittee on Energy Research and Development. 
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Squires told the subcommittee: "Coal reserves in our 
country represent a substantial, but inadequately 
utilized resource. Development of efficient methods 
for converting these resources to fuels and chemicals 
constitutes a viable means of offsetting the danger 
to the nation posed by external control of crude oil 
supplies." 

However, such an option is not without cost, Squires 
pointed out. A true commitment to advanced coal 
research and technology development requires that 
each year a substantial portion of monies ap-
propriated for fossil energy coal research and 
development be used to support basic research in 
coal science and engineering at universities and 
other facilities throughout the nation. 

Specifically, ACS recommended that for fiscal 1989 
the budget for the United States Department of 
Energy's advanced research programs be increased 
10 percent from the 1988 funding level of 
$40.7 million to $44.8 million and that the remainder 
of the fossil energy budget be restored to the fiscal

1988 appropriated level. The society also recom-
mended that 10 percent, or $52.5 million, of the 
clean coal technology budget be set aside for basic 
research in that area. 

ACS also highlighted for the subcommittee several 
research areas that it believes are in need of in-
creased support. For clean coal applications these 
areas include mechanisms of coal cleaning, waste 
management, chemistry of polluting species, combus-
tion modification, and ash formation and properties. 
For coal structure and reactivity, they are coal 
characterization, volatile properties and reactivity, 
char formation, and coal physical behavior. 	 For
process improvements and novel processes, they are 
mechanistic modeling, diagnostics, catalysis, 
coal/solvent chemistry, novel liquefaction methods, 
and chemicals from coal. 
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ECONOMICS 

IfftRE SEES COAL LIQUEFACTION COMPETITIVE WITH 
$30 OIL 

The MITRE Corporation has been reviewing and 
analyzing ongoing research In coal liquefaction, with 
emphasis on the Impact of current and projected 
technical advances on the cost of liquid products 
from coal. They began this work In the early So's 
when the emphasis was on the single-stage liquefac-
tion processes known as the Exxon Donor Solvent, or 
EDS process, and the H-Coal process developed by 
Hydrocarbon Research. 

There has been considerable technical progress in 
coal liquefaction since that time. This progress was 
reviewed by D. Gray at the Alternate Energy '88 
Conference held in Napa, California In April. 

Teiuthml Progress in Direct Coal Liquefaction 

There are two parts to the problem of producing 
quality liquid products from coal. The first step is 
to dissolve the coal in order to produce a liquid 
product. The second step is to upgrade the liquid 
to a product which can be distilled and treated to 
produce refined specification products. The early 
coal liquefaction processes attempted to accomplish 
both these requirements In a single reactor. It is 
now known that the two steps are better ac-
complished in two reaction stages, each operating 
under different conditions. Another important 
development has been the recognition of the impor-
tant role that catalysts play. 

One of the main byproducts of the research was the 
discovery that subbituminous coals, which were once 
thought to be unsuitable for liquefaction, can give 
surprisingly good yields when properly processed. 

Figure 1 shows the current two-stage processing 
scheme which has evolved from continued research. 
Both stages employ ebullating bed reactors which are 
derived from H-Oil and LC-Fining. These reactors 
are becoming increasingly more common In petroleum 
resid upgrading. Work at the Wilsonville coat U' 
quefaction facility in Alabama demonstrated a two 
stage configuration which deashed the dissolved coal 
after hydrotreatment.	 Thus the first stage effluent
was passed directly to the second stage catalytic 
reactor with no inter-stage deashing. The current 
two-stage configuration shown in Figure 1 uses an 
additional modification wherein a portion of the 
ash-containing effluent from the second stage 
hydrotreater is recycled to the first stage. 

These configurational changes have resulted In some 
important process improvements. When deashing is 
accomplished after the second stage, the liquid being 
separated from the ash and unconverted coal is 
relatively light and much easier to deash, thus less 
coal liquid is rejected and more Is recovered for 
recycle and ultimate conversion to distillate. 	 Cou-

pling the first and second stages eliminates equip-
ment for interstage product separation and distilla-
tion and permits the initial coal solution to be more 
rapidly stabilized by hydrotreatment. Recycling some 
of the ash-containing second stage effluent and only 
deashing sufficient material to remove the steady 
state accumulation of solids, greatly reduces the size 
of the deashing unit. The remaining material in the 
deashed residue can be gasified to produce hydrogen 
for the process. If the residue is insufficient, coal 
or natural gas can be used to produce additional 
hydrogen.

FIGURE 1 
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Figure 2 compares the output of H-Coal and EDS to 
the Lummus Integrated Two-Stage Liquefaction (IT8L) 
system, and to the current two-stage system 
recently demonstrated at Wilsonville. The substantial 
Improvement in liquid yield has been the result of 
reducing the formation of hydrocarbon gases, and the 
reduction of the soluble residue. Both of these im-
provements also have a very favorable Impact on the 
effective use of hydrogen in the system by incor-
porating more hydrogen in the liquid product. 

Figure 3 shows the increase in yields In terms of 
barrels per ton of coal liquefied. The results 
dramatically illustrate the point made earlier about 
the suitability of the current process to low rank 
coal. 

4-17	 SYNTHETIC FUELS REPORT, JUNE 1988



FIGURE 3 
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Table 1 summarizes the technical and economic per-
formances of commercial coal liquefaction plants for 
Illinois #6 coal. The estimates of capital required 
have been developed by MITRE on a consistent basis 
so that the differences will not be obscured by dif-
ferences in estimating procedure. The capital cost 
of the current design is about 12 percent higher 
than for EDS, with the other plants falling In be-
tween. Note that there is very little difference in 
the capital cost of the current design and the 
original Lumrnus two-stage configuration. The in-
crease in reactor size and sophistication are com-
pensated for by the elimination of the Interstage 
letdown system, and the much smaller deasher. The 
small overall difference is attributable to the In-
creased hydrogen required by the current design. 

Table 2 shows operating costs for the four designs 
based on Illinois #6 coal as feedstock. The 
hydrotreating cost shown Is an estimate of the cost 
to bring the raw products to a comparable quality 
basis. The cost estimate is based on the amount of 
hydrogen that must be added to bring the raw 
product to a 40 API gravity, 14 percent hydrogen 
product. 

Table 3 shows the required selling prices for raw 
and hydrotreated products from the four conceptual 
plant designs. The required selling price for raw 
and hydrotreated products from the current design 
are approximately $34 and $36, respectively. 

The raw coal liquids currently being produced are 
100 percent distilLable, and are $2 to $4 per barrel 
more valuable than a 70 percent distillable sweet 
crude as a feedstock for gasoline production. Fur-
ther research is expected to demonstrate additional 
Improvement in product yield and quality which will 
further improve the economic competitiveness of coal 
liquids. These liquids should be equivalent in value 
to sweet crude oil selling for $30 per barrel. 

Liquefaction Economies in Perspective 

Thirty dollar crude is high compared to present 
prices of $16 or so. Therefore, no rational private 
investor is going to make a substantial Investment in 
syncrudes In the near future. 

It would be a different situation, however, If the 
United States would elect to increase Its domestic 
supply of liquid fuel for reasons of security and to 
ease international payment problems. Then the cost 
of liquids from coal would have to be compared 
with other domestic sources, including oil from new 
domestic reserves. MITRE believes that coal liquids 
may already be competitive with domestic oil from 
new reserves or enhanced oil recovery. 

Gray noted that the cost numbers for coal liquids 
still remembered by many are the very high current 
dollar prices which were projected in the early 
1980's. These numbers are directly affected by the 
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TABLE 1 

PLANT SIARIES, ILLINOIS #6 OUAL 
($1986) 

EDS 11-Coal ITSL Current 

Mi' Coal	 Input,	 (1,000 T/D): 
Liquefaction 30.0 30.0 30.0 30.0 
Hydrogen Production 0.0 0.5 0.4 2.4 
Steam 2.5 2.5 2.6 7.2 

Total 32.5 33.0 33.0 39.6 

Output, Bbls/Day (Raw) , 79,512 85,117 92,398 116,851 
Output, BblslDay (ilydrotreated) 79,390 92,316 103,790 127,663 

Construction Cost	 ($Million) 
Liquefaction $1,372 $1,490 $1,657 $1,643 
Hydrogen Production 607 611 627 763 
Balance Of Plant 550 552 527 521 

Total 2,530 2,654 2,812 2,928 

Capital Required ($Million) $4,104 $4,291 $49418 $4,658 

Operating Costs
Coal Cost 
Other 

Total 

By-Product Credits 
Sulfur @ $100/Ton 
Azm,nia @ $150/Ton 
5MG @ $5/rvTmnI 

Total 

Hydrotreating Cost

TABLE 2 

ANNUAL OPERATING COSTS 
Millions	 ($1986) 

EDS	 11-Coal ITSL Current 

271	 275 270 330 
329	 337 337 374 
601	 612 607 704 

47	 48 47 51 
22	 22 22 24 
74	 69 10 76 

143	 139 79 150 

145	 297 227 209 

TABLE 3 

REQUIRED SELLING PRICE OF flfWTh'S
(Illinois #6 Coal) 

EDS H-Coal ITSL Current 

Raw Product $43.58 $42.35 $41.52 $34.52 
ilydrotreated Product $49.18 $48.80 $43.61 $36.56
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assumption of continued high inflation, and projected 
that prices of $80 to $100 would be required before 
synfuels became competitive. It is unfortunate that 
these are the numbers that most people seem to 
remember. 

BOC/LURGI SLAGGING GASIFIER RATED MOST 
ECONOMIC FOR IGCC 

The relative economics of new electric generating 
systems was discussed by D. F. Spencer of the 
Electric Power Research Institute (EFR1) at the Al-
ternate Energy '88 Conference sponsored by the 
Council on Alternate Fuels in April. 

Over the last 20-30 years, electric utilities have 
stressed the building of baseload capacity systems, 
namely coal fired units and nuclear power plants. 
As a result of increasing daily and seasonal load 
swings, the industry now finds itself overbuilt in 
baseload units, but with a major emerging need for 
peaking and intermediate load generating units. 

The EPRI has assessed this emerging need, and 
recently prepared a breakdown of planned capacity 
additions. The EFRI projects that the utility in-
dustry (perhaps through third parties) will deploy 
40,000-50,000 megawatts electrical of combustion 
turbines and combined cycles between now and the 
year 2000, with an additional expected deployment 
of 25,000 megawatts electrical by third party 
producers. Of the next 100,000 megawatts electrical 
of capacity added within the United States, 
75 percent is likely to be combustion turbines or 
combined cycles, with the majority of these being 
fueled with natural gas. This could Increase the 
electric utility industry's use of natural gas by 1.0 
to 3.0 trillion cubic feet per year. Clearly this will 
Impact the market for natural gas, gas prices will 
rise, and the flexibility to convert at least a por-
tion of these units to coal will be desirable, in 
other words, EPRI's approach to phased introduction 
of Integrated Coal Gasification Combined Cycle 
(IGCC) power plants looks even more Important in 
the context of this expected large commitment in 
the near future to combustion turbines and combined 
cycles initially utilizing premium fuels. 

Economic Analysis 

The EPRI has conducted generic evaluations of such 
technologies on Texaco Partial Oxidation (TCGP), the 
British Gas/Lurgi Slagging Gasifier (BGL), the Shell 
Gasification Process (SCGP) and a number of other 
gasification processes to compare the performance of 
these emerging technologies with conventional coal 
power plants with flue gas desulfurization. 

A summary of the results of these evaluations is 
given in Table 1. The three major competing 
gasification processes are projected to produce

electricity for approximately five cents per kilowatt 
hour, or approximately 10 percent cheaper than a 
conventional coal fired plant with scrubbers. If 
sludge disposal becomes a more difficult problem, or 
NO  emission limits are greatly reduced for coal 
plants, or if tighter 502 emission control require- 
ments are imposed, the RCC plants will have even 
further economic advantages over conventional coal. 

The EPRI	 has	 also begun	 an evaluation	 of	 the Dow 
Coal Gasification	 Process	 at Plaquemine, Louisiana. 
Economic evaluations based on the use of Texas	 lig-
nite and high sulfur bituminous coal should be avail-
able in	 1988.

Spencer reported that Florida Power and Light con-
ducted a range of site-specific design studies includ-
ing (a) unphased IGCC plants, (b) phased IGCC plants, 
(c) repowe ring/refue ling with gasification, and (d) a 
remote gasification facility to service a number of 
units. In addition, they carried out extensive inter-
nal system generation expansion analyses to define 
their future preferred system configuration. The 
results of these studies are shown in Figure 1. 
They decided that their system required (a) repower-
lag of existing units, (b) addition of new combined 
cycle plants, and (c) a new unphased IGCC plant 
before the turn of the century. 

Although not all the results are in, the initial In-
dications are that IGCC, both phased and unphased, 
shows significant promise for the electric power in-
dustry. The immediate need to add peaking and cy-
cling combustion turbines/combined cycles will almost 
certainly enhance the market potential of IGCC 
power plants. 

Status of Emerging Coal Oaiftcatlon Systems 

The Cool Water Coal Gasification Program, which 
utilizes the TCGP process, had an excellent year of 
operation in 1987. This was achieved even though 
the main gasifier was not operable for the first six 
months of the year. Figure 2 shows the history of 
the Cool Water plant capacity factors, based on a 
rated output of 117 megawatts electrical (gross). 

Significant progress was also made with the Shell 
Coal Gasification Process. The 250 ton per day 
SCGR-1 unit was commissioned in July on Illinois #5 
coal.	 The planned shakedown testing period con-



tinued through the end of the year with no fun-
damental problems being identified. An extended 
duration demonstration run is presently underway on 
Illinois #5 coal and site-specific studies such as 
those undertaken with Florida Power and Light have 
shown attractive costs and heat rates. 

A number of runs have been successfully completed 
on the British Gas/Lurgi (BGL) 500 ton per day 
gasifier with Markham coal, coal briquettes, and 
coarse Markham coal with tar recycle to extinction. 
An initial test run on Pittsburgh #8 coal was com-
pleted late last year and showed good performance 
with coarse coal and up to 35 percent fines in top 
feed. Additional tests on both Pittsburgh 48 coal 
and Illinois #6 are planned during 1988. 
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TABLE 1 

UPMATIYE COSTS AND PERFOMANCE ESTIM&TES OF IQX SYSTEMS 
(Capacity 500 We, Illinois #6 Coal, Constant 1987 Dollars) 

Reference 
Coal-Fired Texaco Shell Coal 8CC Lurgi 

Steam Partial Gasification Slagging 
Plant Oxidation Process Gasifier 

Sulfur Removal, % 90 95-97 90-99 95-97 
NOx Emission, ppmv 150 50-75 50-75 50-75 
Heat Rate, BTU/kW 9850 9010 8720 8660 
Total Plant Investment, $/kW 1275 1454 1407 1227 
Total Capital,	 $/kWa 1390 1540 1490 1300 
Levelized Cost of Electricity 
at	 65% C.F., Mills/kWh 54.9 52.7 50.8 48.9 

alncludes working capital, 	 start-up costs,	 spare parts,	 land, royalties, 
and AFUDC-all IGOC plants rated at 88°F

FIGURE 1 
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COOL WATER PROJECT
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The 2,400 ton per day Dow Syngas Process was 
started up at Plaquemine, Louisiana, on Wyoming sub-
bituminous coal in July 1987. The Dow project rep-
resents the first phased integration of coal gasifica-
tion combined cycle technology, as they are refuel-
ing an existing Westinghouse SOlD with syngas and 
utilizing process heat for in plant needs. This plant 
also went through the startup and commissioning 
phase with no major problems being discovered. 
Preliminary results show that this process will be 
competitive with the performance/costs of the other 
three process technologies shown in Table I. 
Results of these evaluations will be released in 
1988.

Spencer believes that improvements in power genera-
tion systems, including advanced combustion turbines, 
molten carbonate and solid oxide fuel cells, will of-
fer exciting advances in performance of gasification 
based systems, if one adds the potential for 
producing key coproduct such as methanol, ammonia, 
hydrogen, or oxochemicals, the economic opportunity 
for gasification based plants appears unparalleled. 
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TECHNOLOGY 

PATENT ISSUED FOR SULFATE/SULFIDE GOAL 
GASIFICATION PROCESS 

United States Patent 4,704,136 Issued 
November 3, 1987 to C. W. Weston and F. S. Mandel, 
assigned to Freeport-McMoRan Resource Partners, 
outlines a process whereby coal is gasified through 
the catalytic action of an alkali metal salt. The 
alkali metal is provided as a sulfate which is con-
verted to a sulfide during gasification. Thereafter, 
the sulfate Is regenerated while recovering sulfur. 

Background Art 

Phosphoric acid is formed in fertilizer production by 
the reaction of phosphate rock with sulfuric acid. 
During the reaction, a byproduct of calcium sulfate, 
either as gypsum, or a hemihydrate, is generated 
along with the phosphoric acid. Typically, about 
two to three tons of sulfuric acid, or the equivalent 
of nearly one ton of sulfur, are required to produce 
phosphoric acid having one ton of soluble P 2 0 5 with 
concurrent production of about six tons of the 
byproduct calcium sulfate, a wet phosphogypsum. 

Although this byproduct might be further processed 
to a useful form, the processing is practical only in 
a few geographical locations having uncommon 
economic conditions which justify the relatively large 
costs of producing useful products. Thus, the poten-
tial value of the gypsum may not generally be real-
ized and its disposal presents a significant pollution 
control problem. 

There are also advantages to recycling the sulfur 
normally discarded in the byproduct calcium sulfate 
and several processes have been developed for this 
purpose.	 One such process, for example, is the 
Chemie Linz Gypsum-Sulfuric Acid Process. In this 
process, a mixture of calcium sulfate, sand, clay, 
flue ash and coke is fed to a rotary kiln, which 
may be fired using coal dust, fuel oil or natural 
gas. The clinker produced by the kiln is cooled and 
ground to cement. Sulfur dioxide-containing gas 
leaving the kiln is then cleaned, and a small amount 
of air Is added in order to effect the oxidation of 
sulfur dioxide to sulfur trioxide in a catalytic con-
verter. The S03 thus produced is absorbed in water 
to produce sulfuric acid. Although such processes 
have been operated in commercial plants, several 
disadvantages arise: the quantity of fuel required to 
form the clinker, the high residence time required in 
the kiln (60-90 minutes), the coproduction of large 
tonnages of byproduct cement which must be sold or 
otherwise discarded, and the need for a sulfuric acid 
plant specifically designed to operate with a gas 
feed containing only six percent to seven percent 
502. 

Another process produces sulfur dioxide and lime 
(CaO) from calcium sulfate. Calcium sulfate par-
ticles are heated at about 1,200 0C in the presence 
of reducing gases for one to two hours; the evolved

sulfur dioxide is cooled, cleaned, and converted to 
sulfuric acid through a contact oxidation process 
followed by reaction with water. Lime is produced 
as a valuable byproduct, but this process has some 
of the same disadvantages as clinker processes. In 
addition, the conversion Is very energy Intensive. 

Conventional processes have been developed for the 
reduction of calcium sulfate to calcium sulfide. The 
reduction of Ca504 to CaS is highly endothermic, 
requiring large amounts of fuel and high tempera-
tures. The calcium sulfide produced is reacted with 
water and carbon dioxide using the Change process 
to yield hydrogen sulfide. The hydrogen sulfide can 
then be converted to sulfur through the Claus 
process, or burned directly in a conventional sulfuric 
acid plant. 

Just as calcium sulfate can be reduced to calcium 
sulfide, other sulfates can be reduced to their cor-
responding sulfides. For many years most sodium 
sulfide was made by the reduction of salt-cake 
(sodium sulfate) using coal or coke. This reduction 
was carried out in furnaces at temperatures of over 
980°C. 

Several of the processes for sulfate reduction by 
using coal also result in the formation of byproduct 
gases. It should be noted that various alkali, 
alkaline earth and transition metal compounds have 
been found to be effective catalysts in coal 
gasification reactions at the high temperatures dis-
cussed above. The alkali metal compounds are ef-
fective catalysts for both the char-steam and the 
char-carbon dioxide reaction. 

It has been observed that the activity of these 
materials increases as the amount of catalyst in-
creases up to a "saturation point'. Thus, it has 
been found that solutions of sodium or potassium 
carbonate catalyze the char-steam reaction at about 
700 0C. The rate of gasification was found to be 
roughly proportional to the concentration of potas-
sium up to 15 percent based on the carbon content 
of the coal. 

Notwithstanding the above technologies, there exists 
a need to convert the production of environmentally 
troublesome byproducts, such as calcium sulfate, to 
useful materials or at least environmentally neutral 
materials. 

This and other problems are said to be overcome by 
the invention wherein an improved process is 
provided for gasifying a carbon species and recover-
ing sulfur from a reduced sulfate while producing 
environmentally satisfactory results. 

Summary of the Invention 

In carrying out the invention, a solid granular mix-
ture is formulated of an alkaline earth metal sul-
fate, an alkali natal sulfate, and a solid car-
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bonaceous fuel which functions as a reducing agent. 
The granular mixture is supplied to a reaction zone 
in which the alkali metal sulfate Is reduced to the 
corresponding sulfide, forming a reduced melting 
point system with the sulfate. The melt may, by 
ion exchange, transform the included alkaline earth 
metal sulfate to an alkaline earth metal sulfide 
(Figure 1). The reaction zone is operated at a tem-
perature greater than the eutectic point of the 
alkali metal sulfate/sulfide system but less than the 
lower of the melting temperatures of the alkali 
metal sulfide and alkali metal sulfate.

particulate form together with the coal. The alkali 
metal sulfate, under the reaction conditions, is 
reduced to the corresponding alkali metal sulfide. 
The alkali metal sulfate and sulfide form a reduced 
melting point system having a eutectic point sub-
stantially below the melting point of either of the 
system's components, and the reduction and gasifica-
tion reactions are carried out at a temperature be-
tween the eutectic point and the lower component 
melting point. 

FIGURE 1 

REACTIONS IN TRANSITIONAL 
MELT PHASE 

NO2SO4 (solid) 

:rtranition.l 

Ca% melt phaw	 —C 
coal (solid) 

(solid)

Na2S	 CO2 
(solid)

The molar ratio of the alkaline earth metal sulfate 
to alkali metal sulfate is within the range of 
1:4-20:1 and the granular carbonaceous material is 
supplied in an amount to provide at least two moles 
of fixed carbon per mole of sulfate. 

In one embodiment, an integrated process is obtained 
for combining phospliogypsum with and employing an 
alkali metal sulfate as a catalyst to obtain a 
medium BTU synthetic gas and, thereafter, hydrogen 
sulfide, for further conversion to sulfur and/or sul-
furic acid. This process occurs at substantially 
reduced temperatures and with significantly reduced 
residence times when compared with conventional 
processes for the gasification of coal. A catalytic 
reduction of a solid alkaline earth sulfate to a solid 
alkaline earth sulfide product is provided through a 
transient melt phase at the solid sulfate-solid sulfide 
interface of the system. 

As shown in Figure 2, the eutectic temperature for 
the sodium sulfate/sulfide system is 760 0C at a 
molar composition of 67 percent Na2 SO4 and 
33 percent Nn 2 S. The melting points for Na2SO4 
and Na23 are 884 0 C and 1,180 0 C, respectively. The 
alkali and alkaline earth metal sulfates are mixed in

FIGURE 2 

PHASE DIAGRAM FOR SODIUM
SULFIDE-SODIUM SULFATE SYSTEM 
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Therefore, the primary process involves the com-
pounding and heating of intimate mixtures of sodium 
sulfate, gypsum and coal in order to facilitate, first, 
the reduction of sodium sulfate to sodium sulfide 
during coal gasification. The sodium sulfide will 
thereafter exchange with calcium sulfate to reform 
sodium sulfate, which can then be further reduced. 
The reduced alkali metal sulfide and alkaline earth 
sulfide may then be quenched in an aqueous medium 
including additional gypsum and carbon dioxide. Sul-
fur recovery is obtained by generating hydrogen sul-
fide and the calcium waste is obtained as a sub-
stantially neutral carbonate. 
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Figure 3 illustrates a process for recovering sulfur 
from phosphogypsum, In which coal, an alkali metal 
sulfate catalyst and phosphogypsum are Intimately 
mixed to form feed pellets, granules or powder. 
The granulated material is dried and may then be 
optionally preheated before feeding to a reduction 
furnace. The temperature maintained in the furnace 
depends upon the composition of the feed, but 
generally will range from 690°C to 910 0C In order 
to maintain the transitional melt phase. The type 
of furnace used may be any one of several types 
which have conventionally been used for calcination 
or gasification. 

FIGURE 3 

COMBINED SULFUR RECOVERY AND 
COAL GASIFICATION PROCESS 
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The furnace or reactor is operated in a continuous 
flow mode in which the granular reaction mass may 
be moved through the reactor by any suitable tech-
nique such as fluidized bed, stratified bed, or 
moving grate. During heating, the calcium sulfate is 
dehydrated and reduced to a calcium sulfide, while 
the sodium sulfate is reduced to sodium sulfide. At

the same time that these reductions take place, the 
gasification of the coal is promoted by the presence 
of the sodium salts, yielding a synthesis gas contain-
ing principally CO, H, CH 4 and CO2. 

Sulfate conversion rates of at least 80 percent and 
preferably 90 percent or more can readily be 
achieved by operating at temperatures only 
moderately above the sodium sulfate/sodium sulfide 
eutectic point, e.g. a temperature of about 7700C. 

The reduction reaction is not affected by pressure 
and the reactor may be operated at any suitable 
pressure. Depending upon the use to which process 
gas from the reactor Is to be put, it may be 
desirable to operate the reactor furnace at an 
elevated pressure. 

The furnace residue is quenched in a cooling zone 
and the resulting mixture may be pumped to a com-
bined precipitation and sodium sulfate regeneration 
reactor. Carbon dioxide and additional gypsum arc 
added to the residue in order to convert the 
majority of the calcium compounds to a disposable 
calcium carbonate while generating H 2 S for sulfur 
recovery. At the same time, the sodium compounds 
are transformed to soluble sodium compounds for 
reuse. 

Coal ash is removed along with the calcium car-
bonate by filtration or other means. This mixture is 
more stable and presents fewer environmental 
problems than either waste phosphogypsum or coal 
ash normally generated during coal gasification. 

USSR AND GDR INVENTORS PATENT INTERNAL 
RECIRCULATION GASIFIER 

United States Patent 4,707,163 titled "Gasification of 
Coal Dust" was issued November 17, 1987 to 
E. Gudymov, V. Fedotov, V. Semenov, and B. Rodinov, 
all of Moscow, U.S.S.R.; and to F. Berger, W. Wen-
zel, H. Peise, and M. Schingnitz all of East Germany. 
The patent is assigned to Drennstoffinstltut Freiberg, 
Freiberg, German Democratic Republic, and God-
sudarstvenny Nauchno Tssledovateisky i Protektny In-
stitut, Moscow, U.S.S.R. 

Background of the Invention 

According to the background statement in the 
patent, a standard coal-dust gasifying apparatus such 
ISIS described in German patent document No. 
2,705,558 has a housing with a gas outlet and an 
output fitting for the removal of granulated slag, a 
coal-dust burner in an upper reaction zone of the 
housing, and an overflow apparatus for maintaining a 
body of liquid in the bottom of the housing. A 
high-temperature thermal protection lining is provided 
in the upper reaction zone of the housing and this 
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reaction zone has a restricted lower end. A gas-
tight tube wail in the housing forms a lower cooling 
zone beneath the reaction zone. 

Such an arrangement has substantial disadvantages. 
First of all the thermal lining of the reaction zone 
is rapidly eroded by the molten particles of slag 
present In this region. In fact a standard refrac-
tory lining Is eroded from 10 millimeters to 
40 millimeters in 200 hours of operation, whereupon 
the apparatus must be shut down and relined. 	 In
addition the molten slag solidifies in the restricted 
lower end of the thermal lining. This further 
restricts flow through the apparatus by clogging it 
at this critical level and considerably reduces 
operating efficiency. In addition the still molten 
particles In the downwardly moving gas stream stick 
to the cool walls of the tube wall and crust up on 
it also. The result of this is another restriction of 
flow and a substantial loss of heat-exchange ef-
ficiency so that the apparatus must be operated 
either with reduced throughput or with a hotter 
output gas, and needs frequent opening and cleaning. 

In Russian patent document No. 3,359,368 an ar-
rangement is described of the above type wherein 
the tube wall is restricted at one point to form an 
upper reaction zone and a lower radiation or cooling 
zone. The tube wall is studded in the reaction 
zone so It can carry a layer of insulating material. 

In such an apparatus the gas temperature upstream 
of the central restriction of the tube wall Is 1000C 
to 200°C above the melting temperature of the slag, 
so that more heat must be dissipated downstream In 
the cooling zone. The overall operation temperature 
of the apparatus Is therefore increased considerably 
thereby substantially reducing the efficiency of the 
system. In addition the lining of the upper portion 
of the tube wall Is subjected to very high tempera-
tures and therefore has a very short service life. 
What is more the stag can crust up at the upstream 
end of the cooling zone as In the other above 
described system. 

Summary of the Invention 

An apparatus for gasifying coal dust according to 
the invention has a housing provided with an outlet 
for the removal of gas and an outlet for the 
removal of granulated slag (Figure 1). The housing 
also has an upper reaction zone and a lower cooling 
zone. An overflow maintains a body of liquid In 
the bottom of the housing and a coal-dust burner In 
the top of the housing forms a downwardly moving 
coal-dust flame in the upper reaction zone. 

An annular tube wall in the housing has regions at 
its upper and lower ends where its tubes are bent 
apart and form radial openings for gas flow. In ad-
dition there is an annular gas passage between the 
tube wall and the housing that is mainly of uniform 
cross section but that flares upwardly immediately 
below the upper openings. A steam manifold in the 
housing is provided with lances opening upward in 
the annular passage above the tower openings. 
Steam Is fed to the lances to create In the housing

a toroidal current of moving gas and steam rising in 
the annular passage and descending in the reaction 
zone between the flame and the tube wall. A 
coolant is circulated in the tube wall to cool the 
current of gas to below the softening temperature 
of any slag In the flame. 

FIGURE 1
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A funnel guide in the cooling zone conducts granu-
lated slag in the housing to the slag-output fitting. 
Thus in its simplest terms the Invention comprises 
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the steps of burning coal dust in an upper reaction 
zone to form a downwardly projecting flame contain-
ing molten slag, circulating some of the gas in the 
chamber as an outwardly rising and inwardly falling 
toroid extending from above the flame to the lower 
end of a cooling zone below the reaction zone, 
cooling the toroidal current of gas to n temperature 
below the softening temperature of the slag in the 
flame and thereby cooling and solidifying any molten 
slag before it can contact the housing. The toroidal 
current is cooled by flowing it around a coolant-
circulating tube wall. The gas is circulated by in-
jecting steam or another suitable gas under pressure 
upward between the housing and the tube wall.

This system gives a substantial increase in opera-
tional efficiency because it can function at a lower 
temperature than any of the prior-art arrangements. 
In addition the inverting toroid of gas that com-
pletely surrounds the flame keeps any molten slag 
out of contact with any part of the apparatus, 
thereby greatly increasing its service life both by 
eliminating any erosion of the lining or tubes and 
preventing any crusting of the slag on the tubes. 
At the same time this recirculating body of gas 
keeps the burner tip clean, because of flow at the 
bottom of the apparatus separates out any slag 
which by the time it is at the bottom of the ap-
paratus has solidified. 

Table 1 compares the operation of the described in-
vention with a prior art apparatus. 

TABLE 1 

OPERATIGiAL CHARACTERISTICS OF 
&L DUST GASIFIERS 

Characteristic Prior Art New invention 

Coal-Dust Input 25	 t/h 25	 t/h 
Internal Pressure 30 atm 30 atm 
Ave. Temp.	 In Reaction Zone 170000 14500C 
Heat Loss In Reaction Zone 5990 n3gkal/h 3100 rmgkal/h 
02 Consumption 13,860 Mt /h 12,060 Mn /h 
Steam Input 7 t/h 6 t/h 
02 Consumption Per 1000 Mn3 

of li	 + W produced 451 Mn3 /h 353 Mn3/h 
Output Gas Composition (Vol.) 

GO 41.01% 42.97% 
112 19.93% 24.88% 
H 0 22.47% 17.62% 

10.34% 8.52% 
N 2 4.39% 4.18% 
1125 1.83% 1.83% 

Output of 112 + CO 30,700 Mn3 1h 34,120 1tn3/h

[T'1JIjFjjWLi aJww ,p1 a :'P,WJ7] 

Pyrolysis of coal under a hydrogen atmosphere 
(hydrogeriopyrolysis) is being studied at Iniex, Liege, 
Belgium. Some results were reported to the 1987 
International Conference on Coal Science held at 
Maastricht, The Netherlands. 

Iriiex says that hydrogenopyrolysis (ilyPy) is now one 
of the attractive medium-term routes to coal con-
version. HyPy may be described as a squeezing of 
a subbituminous coal, in presence of hydrogen, to 
extract liquid tar and gases and leaving a porous 
char as residue. This char is the main product (in 
quantity) and its further upgrading as a fuel is a

major condition for the economical success of the 
process. The produced tar has considerable economi-
cal value; the presence of hydrogen increases the li-
quids content in valuable aromatics (BTX) and 
phenols. Hydrogenopyrolysis liquids could be con-
sidered as a solution to coke tar replacement, whose 
production is declining in Europe, in connection with 
the steel industry overcapacity. 	 The main ad-



vantages of HyPy may be summarized as: 

- Coal liquefaction without need for synthesis 
gas 

- Lower pressure (10-15 bars) than in the 
direct liquefaction route 

4-26	 SYNTHETIC FUELS REPORT, JUNE 1988 



- Low hydrogen consumption 

- Very short residence time, requiring only 
small size reactors. 

All these factors lead to attractive investment and 
operating costs when compared to more conventional 
liquefaction processes. A last advantage of the 
process lies in its flexibility leading to a broad 
spectrum of products by tuning the operating 
parameters (mainly temperature and pressure). 

The Inlex open loop pilot plant has a nominal 
capacity of 200 kilograms per hour of solid fuel. It 
is designed for a pressure up to .50 bars. The 
reactor as shown in Figure 1 is a pneumatic 
transport cocurrent reactor. On top of it, a deflec-
tor diverts most of the solid to a recirculation-
collection leg. The residence time of the solid in 
the reactor is about one second. The tests reported 
to the conference were conducted with Gardane lig-
nite (originating from Provence) having a volatile 
content of about 48 percent and a swelling index of 
zero. 

Exploratory tests showed that, under a pressure of 
10 bars, the optimum reactor temperature lies around 
750 0 C. Under these conditions, the products of the 
reaction are in the following proportions: 

char 64 percent 
tar 23 percent 
water 3.1 percent 
gas 9.9 percent

The gas contains mainly Cl! 4 and CO. The produced 
char contains 82 percent fixed carbon and only 
1.2 percent further percent of liquid organics. This 
result indicates that the selected residence time of 
one second is largely sufficient. 

The most interesting product of the operation is tar: 
its weight composition, as revealed by Table 1, indi-
cates substantial quantities of BTX and phenols, 
cresols, and xylenois with considerable economic 
value.

TABLE 1 

COMPOSITION OF HYDRG]fl4OPYROLYSI S TAR 

Benzene, Toluene, Xylenes 	 (BTX) 11.24% 
Ethyl-Benzene 1.09% 
Styrene 0.26% 
Light Hydrocarbons 14.21% 
Phenol, Cresols, Xylenols 20.88% 
Naphthalenics (Naphthalene, methyl-

naphthalene, di -methyl-naphthalene) 7.79% 
Medium and Heavy Hydrocarbons (Dibenzyle, 

phenznthrene, anthracene, pyrene,... ) 44.53%

Total	 100.0096 

FIGURE 1 
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FLASH HYDROPYROLYSIS TESTED IN A CYCLONE 
REACTOR 

Flash hydropyrolysis experiments at the Laboratoire 
des Sciences du Genie Chirnique, Nancy, France have 
been carried out in a cyclone reactor, it was 
reported to the 1987 International Conference on 
Coal Science held in The Netherlands last fall. Ac-
cording to the presentation, the main characteristics 
of coal flash pyrolysis have been established by 
many laboratory-scale studies. The advantage of 
using such a process to produce both more volatile 
matter (gases and liquids) and interesting char has 
been proved.	 When coal temperature is rapidly
raised to a high enough value (from 600 to 
1,000 degrees Celsius, with a heating rate of 
10 degrees per second or more) large yields of 
fluid products amounting to over 50 percent gases, 
liquids and tars are obtained. Working under a 
hydrogenated atmosphere, the yield of light products 
increases. 

Continuous flash hydropyrolysis processes have been 
developed with different reactors. For example the 
works of Occidental Research Corporation, Rockwell 
International, Cities Service R and II Company, In-
stitute of Gas Technology, and M.I.T. can be men-
tioned. 
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There are three essential points according to these 
studies. The yield of devolatilization changes with 
the quality of the mixing between the carrier gas 
and the solid at the inlet of the reactor. The 
product quenching efficiency also influences the 
composition. Coal flash hydropyrolysis provides more 
volatile products than pyrolysis in an inert atmos-
phere. The nature of the products also depends on 
the heating rate and the final temperature of the 
solids. 

Two	 families	 of	 reactors are	 usually	 used	 in	 coal 
flash	 pyrolysis:	 fluidized bed reactors and entrained 
flow	 reactors.	 The	 first has	 the disadvantage	 of a 
spread residence time distribution and possible secon-
dary	 reactions	 in	 the	 gas phase,	 which	 are	 prejudi-
cial	 to	 liquids	 production. The	 second family	 con-
sists	 of	 entrained beds,	 falling beds, and injection of 
solids	 in	 a	 hot	 gas	 jet. Very short	 residence	 time 
can	 be	 obtained	 but, according	 to	 the	 French 
researchers the degree	 of turbulence	 is	 never suffi-
cient	 to	 realize	 good	 mass	 and	 heat	 transfer	 be-
tween gas, wall and solid.

To sum up, having simultaneously a thermal shock 
and an effective quenching are the best conditions 
in which to operate coal flash pyrolysis. For this 
reason, a cyclone reactor was chosen. it operates 
like an entrained bed and the separation of solid 
residues is ensured by its classical function as a 
separator. 

The experimental device (Figure 1) consists of a 
cylindrical straight cyclone of 30 millimeter diameter 
and 200 millimeters in height, plus a char collector.

The reactor is heated by means of an induction fur-
nace. 

A recycle pump inserted in the gas circulation 
provides good mixing and adequate hydrodynamic 
conditions in the reactor. 	 Volatile matter is con-
densed, only gases are recycled. At the beginning 
of the run, the recycle-loop was filled with nitrogen 
and coal particles were pyrolyzed in an inert atmos-
phere. The gas phase is then gradually enriched in 
gases produced by pyrolysis 	 2' CH 4 ). The coal is 
therefore progressively hydropyrolyzed by the 
hydrogen immediately produced by the preceding 
pass. 

Running for an hour was easily obtained. At the 
end of the experiment, the amounts of the different 
gas products in the recycle loop reach: 50 percent 
hydrogen, 25 percent methane and a few percent 
carbon dioxide and hydrocarbons. 

The researchers concluded that coal flash pyrolysis 
can be conducted in a cyclone reactor, but that the 
method presents difficulties. The hydrodynamics are 
complicated. At low gas flowrates, residence times 
are very short and the kinetic energy of grains is 
not high enough to create good friction with the 
wall.	 For high values of gas Zlowrate, the kinetic 
energy of particles is so large that they turn round 
and round in the cyclone without exiting. This 
phenomenon causes problems of blockage during the 
pyrolysis reaction. The operating conditions window 
is narrow. In short, using a cyclone in coal flash 
pyrolysis requires precise controls of operating con-
ditions. 

FIGURE 1 
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INTERNATIONAL 

CHINA'S COAL EXPORIS ARE BOOMING 

The international coal market Is opening up to the 
China National Coal import and Export Corporation. 
Coal exports in 1987 totaled 13.13 million tons, more 
than 35 percent above the same period in the previ-
ous year. 

Two-thirds of the coal was sent to Asian markets. 
However, China also trebled its coal exports to West 
European countries, with a total of 2.5 million tons. 
Many reasons account for this development. Apart 
from benefiting from its rich resources, good quality 
and competitive prices, China exempted coal exports 
from customs duty last year. 

Also the Chinese Government has paid special atten-
tion to the construction of mines, railways, and coal 
depots.	 Several large depots are being built along 
the coastline. The first two parts of the project 
for Qinhuangdao in Rebel Province are in operation 
and the port is now capable of receiving ships of 
50,000 tons and handling up to 30 million tons of 
coal a year. 

The construction of the third part of the scheme is 
under way together with the building of the 
electrified railway from Datong in Shanxi Province to 
Qinhuangdao. 

The port's loading capability will include 100,000-ton 
ships when the project is completed early In 1989. 

As a result of the above factors, China hopes to in-
crease its coal exports by another 30 percent in 
1988. 

During the Sixth Five-Year Plan (1981-85), - the 
government reformed the coal export management 
system bringing "a new look" to exports. In this 
period, China exported about 6.8 million tons an-
nually.	 This was three million tons more than in 
the previous five-year plan. 

The government has worked out a long-term strategy 
to expand coal exports in line with lower domestic 
demand and the need for foreign exchange. 

Although coal exports grew significantly over the 
past few years, they accounted for only 1.5 percent 
of the country's total coal production and three to 
four percent of the world's coal trade. 

China relies on coal for 70 percent of its energy 
needs, and coal has a vital part to play in its mod-
ernization. Last year's coal production exceeded 
900 million tons, making China the world's largest 
coal producer. 

Three years ago, China signed a joint venture agree-
ment with the Occidental Petroleum Corporation of 
the United States to develop the vast Antaibao 
open-cast coal mine in Shanxi.

In 1987, China has also exported some coal mining 
equipment to such countries as the United States 
and West Germany. 

According to the new plan, China should produce 
930 million tons of coal this year and 28 new mines 
should go Into production with a total capacity of 
28.34 million tons. 

UNITED STATES AND ITALY SIGN CLEAN COAL 
AGREE IIENT 

The United States and Italy on March 31 signed an 
agreement to "launch a major initiative to encourage 
United States and Italian companies to invest in 
emerging clean coal technologies" in the two 
countries according to the United States Department 
of Energy (DOE). 

Cooperative efforts under terms of the joint com-
munique should lend to Increased coal and coal 
technology trade between the two countries, accord-
ing to Energy Secretary John Herrington. Under the 
agreement, the Department of Energy and the Italian 
Ministry of industry, Commerce and handicrafts will 
exchange project-specific information about ongoing 
or planned demonstrations of innovative coal-burning 
technologies. That information then will be made 
available to companies through a series of jointly-
conducted workshops scheduled to begin this summer. 

"In many ways, this agreement will serve as n model 
of how governments can work with their respective 
industries, and with each other, to identify emerging 
markets and opportunities for increased sales of coal 
and coal technologies," Herrington said. "Rather 
than resorting to protectionism, we are committing 
our nations to an active exchange of information as 
the core of an effective trading partnership." The 
agreement could be a "precursor of expanded coal 
trade" in the future between the United States and 
Italy, Herrington said. 

The information exchange will concentrate on retrofit 
and repowering Clean Coal Technology technologies. 
Each country will appoint teams of technical 
specialists to collect and disseminate the information. 
The United States team will be headed by Jack 
Siegel, DOE's deputy assistant secretary for coal 
technology. Italy will have one team for retrofit 
technologies headed by Gianni Pastorino, assistant 
director of engineering of the Italian power company 
ENEL, and a second for repowering headed by 
Guiliano Trebbi, deputy director of research for 
EN EL. 

Italy and the United States now have begun 15 joint 
coal-related projects within the last two years. 
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Projects include a computerized mechanism for ex-
changing information on energy research and 
development, a coal logistics report and data base, 
and combustion studies of two ENEL coal-fired 
boilers. Within the next year, DOE anticipates com-
pleting such projects as combustion studies on the 
remaining ENEL coal-fired boilers, test burns of coal 
water slurries made from Kentucky coal In an Italian 
oil-capable boiler, testing of super clean coal water 
slurries in industrial boilers in both the United 
States and Italy, a joint coal liquefaction study, and 
a cooperative effort to model emission dispersion. 

BELOVO-NOVOSIBIRSK PIPELINE FOR COAL SLURRY 
FUEL TO BE COMPLETED IN 1989 

Coal/water slurry fuels are often considered as an 
alternative to coal conversion in developing 
strategies for large scale utilization of coal In oil-
burning equipment. A significant step in the 
development of coal/water fuel (Clvi') will occur in 
the Soviet Union next year when the 260-kilometer 
Belovo-Novosibirsk coal slurry pipeline is completed. 
A status report on the project was given at the 
13th International Conference on Coal and Slurry 
Technology in Denver, Colorado in April by 
E. P. Otofinskij, Director, Slurry Pipeline Research 
and Design Institute, U.S.S.R. 

The Belovo-Novosibirsk commercial pilot pipeline to 
transport coal from the inskaja mine in Kuzbas to 
the TETS-5 power plant In Novosiblrsk has been un-
der design and construction since 1983. The desig-
ners had to solve several basic technical problems, 
such as: 

- Developing the technology of coal water fuel 
preparation specifically for the physical-
chemical properties of the coal from the In-
skaja mine. This slurry must have the re-
quired stability and fluidity, and be suitable 
for combustion in the power boilers. 

- Selecting the optimum pumping conditions for 
the high concentration coal/water slurry in 
accordance with its theological characteris-
tics, pipeline profile and temperature. 

- Developing the technology of coal water fuel 
storage and feeding into the power boilers. 

- Designing burners for the slurry combustion 
and retrofitting them into former pulverized 
coal fired boilers. 

The Coal Slurry Pipeline Project was prepared in 
cooperation with the Italian company Snamprogetti, 
which was also responsible for partial delivery of 
the equipment.	 Commissioning and start up of the 
pipeline is scheduled for 1989. The principal 
parameters of the Belovo-Novosibirsk pipeline are 
listed in Table 1.

The first phase of the project was a development of 
the slurry preparation process for a coal concentra-
tion about 70 percent by weight. On the basis of a 
proposal by Snamprogetti two stage wet grinding was 
chosen, resulting in a bimodal solid particle distribu-
tion, which assures the best density per unit volume 
of the mixture. The maximum particle size is 
350 microns; 25-30 percent is retained on 90 micron 
sieve. 

Despite numerous experiments, however, it was not 
possible to produce coal slurry with such a sigh 
solids concentration using coal from the lnskaja 
mine, without exceeding the viscosity limit of 
1,000 centipoise. 

Detailed physical and chemical analysis of the coal 
properties indicated that a high oxygen content and 
extended surface porosity increased the moisture 
retention in this coal and It was necessary for solid 
concentrations to be restricted to the value 
61-65 percent at designed slurry viscosity. 

Coal from the lnskaja mine, in comparison with other 
coals from the same region, is characterized by 
maximum content of oxides and higher specific sur-
face. 

This means that this coal is much more hydrophilic 
and is not suitable for producing very high solids 
concentrations. This fact, however, did not 
eliminate using the Inskaja coal for slurry prepara-
tion, because it contains higher amounts of volatile 
matter (up to 42 percent), which assures the 
stability of combustion of coal/water slurries even 
with solid concentration below 60 percent. 

During storage, the slurry remains stable for up to 
30 days and guarantees the safe starting of a filled 
pipeline after a 20 day shut down. The slurry has 
those characteristics due to the introduction of plas-
ticizing additives (naphthalene processed in sulfuric 
acid) at a rate of one to four percent of dry coal 
mass. Two hundred tons of experimental slurry 
prepared did not settle and retained its flow 
characteristics even after being in storage for 
60 days. 

From the preparation plant storage tanks, the coal 
slurry will first enter a sampling loop, with a length 
of one kilometer and diameter 530 millimeter, and 
then be transferred to the main pump station. 
Before entering the main line the slurry viscosity is 
checked by measuring the pressure differential and 
the flow rate, in the sampling loop. 

Every pump station is equipped with pumps of two 
types: 

- Two piston pumps, manufactured by 
Ingersoll-Rand (Canada) with a nominal slurry 
flow of 250 cubic meters per hour each 

- Three piston mud pumps, manufactured by 
Uralmnsh (U.S.S.R.) with a nominal slurry flow 
of 180 cubic meters per hour each 
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TABLE 1 

BflOYO-MWOSIBI RSK PIPELINE PROJECT 

Length 
Throughput 
Pipe Diameter 
Number Of Pump Stations 
Type Of Punps 
Punp Discharge Pressure 
Flow Velocity 
Slurry Concentration

260 Kilometers 
3 Million Tonnes/Year 
530 run 
3 
Piston 
3 MPa 
0.1-0.7 Meters/Second 
61-64% By Weight 

The main line between the stations is equipped with 
two high pressure gate valves of the type AZGM 
supplied by Ingersoll-Rand Canada under license from 
Licensintorg (U.S.S.R.); subcontracted to Velan 
(Canada). The pump stations are equipped with the 
similar type valves as well. 

In 1987 on a test stand at VNllPlgldroprovod 
research facility (near Moscow), performance and en-
durance tests were conducted on the pump manufac-
tured by Ingersoll-Rand Canada. The pump was 
operating on coal slurry prepared from the lnskaja 
mine coal with 27 percent ash content. Test results 
confirmed pump reliability and performance in accor-
dance with the design specification. 

The Novosibirsk power station (capacity 
1,260 megawatts) is equipped with storage tanks suf-
ficient to maintain the necessary supply of fuel. 
These outdoor tanks are protected by thermal insula-
tion. The temperature of coal slurry in the tanks is 
maintained by heat exchangers. 

Liquid fuel is fed to the boiler by screw pumps, 
which provide the required 2.1 MPa burner Inlet 
pressure. Each boiler has 16 burners for coal slurry 
and 20 for dry pulverized coal. Liquid and pul-
verized coal fuel Is Ignited by an auxiliary oil bur-
ner. 

Burner	 characteristics, design	 criteria	 for	 boiler 
modifications, as well as endurance evaluation of the 
burners were determined on the basis of results from 
research in coal water fuel	 combustion test Installa-
tions.	 Some	 of	 the tests	 were	 conducted	 in	 the 
research	 center	 of	 the Combustion Engineering Com-
pany (U.S.A.) and some on an industrial boiler instal-
lation	 with	 a	 steam	 production rate	 of	 320	 tonnes 
per hour at	 the Belovo power station in the U.S.S.R. 
In	 1986-97	 in	 the Belovo	 station	 more	 than 
6,000,000	 tons	 of	 coal water fuel was burned.

According to Olofinskij the Belovo-Novosibirsk project 
and other coal pipeline transport systems are 
economically feasible depending on the specific 
transportation needs In the area of development,

I.e.,: Is there a railway, does It need to be refur-
bished with respect to the freight Increase, to what 
extent, and what Is the rate for coal transport? 

MILD GASIFICATION ATTRACTS ATTENTION IN EUROPE 

CoalPower '87, a conference held in Dusseldorf, 
Federal Republic of Germany, October 1987, featured 
a presentation by G. Variali of Italy on "Fuels for 
Industry: CWM, Micro-Coal, COM, and Coal Gas." 
Variali notes that "mild gasification" is a concept 
that recently has received new interest and could 
open a new market for coal in the transportation, 
light industrial, and commercial fields. This process, 
a modification of conventional gasification systems, 
produces three products by heating coal in an 
oxygen free reactor at atmospheric pressure and 
relatively low temperature. 

The mild gasification processes are expected to re-
quire lower investment cost, and will produce mul-
tiple products that should give a broader economic 
base than conventional coal gasification. 

The mild gasification plant is composed of minimal 
processing units constructed from low cost alloy 
material being designed for mild operating conditions; 
and consequently requires a lower capital cost than 
conventional coal gas processes. The main final 
products are a modest quantity of gas, high quality 
liquid fuels, and char with a good commercial value. 

In England, three mild gasification plants have been 
operated in the past 40 years, successfully producing 
smokeless coke for domestic heating, and coal liquids 
as chemical raw material or liquid fuel for industry. 
The English firm, Coalite and Chemical Products Ltd., 
of Chesterfield, has been an important starting point 
for spreading the technology in the world. In par- 
ticular, in the United States of America, the United 
States Department of Energy is re-examining this 
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concept in order to improve the quantity and quality 
of the higher value products.

before the reactor. These modifications are foreseen 
to increase the quantity of liquid products up to 
40 percent and/or improve the quality of the fuels. 

The typical product yields are given as follows: 

- Gas: five percent, utilized as process fuel 
on site or as industrial fuel and hydrogen 
production feedstock 

- Liquid: 20 percent, used as substitute fuel 
in the transportation sector with particular 
application to large diesel motors, and boiler 
fuel or feedstock to be upgraded to gasoline 

- Char: 05-70 percent (the remainder is ash) 
employed as pulverized solid fuel for boilers 
and hydrogen production feedstock 

In Figure 1 Is shown a process for mild gasification 
where the coal is processed In a vertical reactor 
operating at atmospheric pressure and 650 0C. The 
liquid products are condensed in a series of heat 
exchangers to produce condensable liquid hydrocar-
bons and a gaseous fuel.	 The char is recovered
from the bottom of the reactor. 

The actual Coalite plant configuration Is still con-
sidered as a possible low cost approach for mild 
coal gasification, but critical transformations include 
redesigning the packed bed in order to change the 
coal heating rate or residence time in order to 
prevent excessive cracking of the liquid products, 
and a steam coal preconditioning step introduced

Mild coal gasification research and development Is in 
progress in the United States under the sponsorship 
of the Department of Energy in order to better un-
derstand the fundamental mechanisms of coal trans-
formations, and the tradeoffs between quality and 
quantity of the final products. 

The United Coal Company has been conducting tests 
on mild gasification of coal wastes using n small 
Mild Gasification Process Demonstration Unit. Ac-
cording to Variali, the work by United Coal shows 
promising areas with commercial and economic poten-
tial but the need for further research and develop-
ment Is evident. He quotes a preliminary economic 
analysis referring to a process consuming 3,200 tons 
per day of a bituminous coal, that operates at at-
mospheric pressure and temperature of 650 0 C. The 
estimated products are 560 tons per day of liquid 
hydrocarbons, 100 tons per day of clean gas, and 
2,300 tons per day of char. 

The capital cost was estimated at $110 million. 

The char selling price was established at 10 percent 
less than the parent coal. The liquid production 
cost, based on tOO percent equity financing and 
20 percent discounted cash flow return on invest-
ment, was calculated as $8.70 per million BTU. This 
figure indicates a need to continue with research 

FIGURE 1 
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and development to improve the quality and the 
quantity of liquid product as well as the quality of 
char, and minimize the production of gas. 

STATUS OF COMMERCIAL COAL GASIFICATION 
PROJECrS REVIEWED 

Bechtel's J. Selover, J. Bowden and J. Pietruszkiewicz 
presented an overview of commercial coal gasifica-
tion prospects at the Energy Technology Conference 
XV held in Washington, D.C. early this year. They 
noted that although public interest in coal gasifica-
tion has greatly diminished in the last five years, 
significant technical and commercial progress has 
been made. A large number of operating hours have 
been accumulated making electricity, high-BTU gas, 
and chemicals in large scale commercial and 
demonstration coal gasification facilities. 

The two most prominent commercial scale applica-
tions of coal gasification in the United States are 
the Great Plains high-BTU gas plant using Lurgi 
gasification technology and the Cool Water gasifica-
tion combined cycle power plant using Texaco 
gasification technology. Both are outstanding techni-
cal successes and reliable production has been 
achieved for a number of years. However, the com-
mercial future of each is clouded by the current 
low price of natural gas. Even though both plants 
could now be replicated with lower capital and 
operating costs because of the knowledge gained to 
date, this will not happen until natural gas prices 
increase considerably. 

Technical progress continues in all three principal 
categories of coal gasification technology; entrained, 
fluidized and moving bed gasifiers. Process develop-
ment Is also continuing in important areas of 
downstream gas processing and utilization of partially 
gasified coal or partially purified gas. 

High-fl Gas 

Although the Great Plains plant is performing at or 
above design output, and production costs continue 
to decline, it Is not competitive with current natural 
gas prices. Operating costs (exclusive of the 
original capital investment) are $2.70 per million 
BTU, with a goal of being able to achieve $2.50 per 
million BTU by mid-1989. 

Bechtel believes that economics for high-ETU plants 
are poor because: 

- High-BTU gas must compete with natural gas 
at field price levels. 

- The regulatory climate for natural gas pricing 
has changed radically in the last five years.

- There is a significant additional capital and 
operating cost associated with converting 
clean, medium-BTU gas from the coal gasifier 
to the high-BTU gas required for commingling 
with natural gas in gas transmission systems. 

They say it Is unlikely that enough improvements in 
economics can be made to make high-BTU gas from 
coal competitive for widespread use until after the 
year 2000, when crude oil prices may begin rising 
rapidly. 

Medlum-BTU Gas for Power Geaention 

The prospects for the production of electric power 
via coal gasification are better because low- or 
medium-BTU gas can be used to directly fuel 
electric generating units. Thus, the methanation 
step required for high-UTU gas production and its 
attendant capital and operating cost Is not neces-
sary. 

Bechtel's analysis shows that while the Cool Water 
gasification combined cycle demonstration plant Is 
not economic to run without government subsidy, 
commercial scale facilities should have much lower 
capital and operating costs. The demonstration 
aspects of the Cool Water project have contributed 
to higher capital costs, higher costs for coal and 
oxygen supply, and higher operating staff require-
ments than would be required In a subsequent com-
mercial facility. 

There are a number of factors other than cost that 
may allow widespread gasification for power genera-
tion to appear In the next decade: 

- Electric utilities have a better regulatory 
climate than gas transmission companies to 
blend higher cost power from new sources 
with existing lower cost supplies. 

- Advanced gas turbines which are especially 
effective with coal-derived gas are being 
readied for production. 

- Conventional gas turbine combined cycles can 
be designed and built to be easily retrofitted 
by the addition of a coal gasifier. Plant in-
vestments can be made in stages, thus im-
proving cash flow and reducing risk. 

- Tight emission standards are more easily met 
with gasification systems than direct coal 
combustion technologies. 

- Technical developments in hot gas cleanup 
apply more readily to gasification combined 
cycle plants than to high-BTU plants. 

The Bechtel work has shown that on a generic basis 
gasification combined cycle plants are economically 
competitive with conventional coal fired plants, with 
their competitive posltidn improving in applications 
which include: 
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- Strict environmental standards 

- Availability of low cost, high sulfur coal 

- Uncertainty regarding load growth, and prices 
and availability of premium fuels - thus 
leading to phased construction 

Retrofit Applications 

Examples of retrofit applications which have received 
utility attention are: 

-	 Refueling of	 existing	 oil- and gas-fired 
boilers	 to burn	 coal-derived gas. These ap-
plications were	 generally	 evaluated	 in	 an-
ticipation of high	 differential fuel prices be-
tween the premium fuels and coal.

- Refueling of existing coal-fired boilers to 
burn coal-derived gas. The motivation here 
has generally been anticipation of strict en-
vironmental requirements for retrofit of a 
given unit or group of units. 

- Retrofit of power plants originally designed 
to burn coal, but later converted to oil to 
meet requirements of clean-air laws. These 
applications were again generally assessed in 
response to high and uncertain differentials 
in prices between premium fuels and coal. 

- Repowering of existing power plants with gas 
turbines firing coal-derived gas. Needs for 
new capacity, fuel price differentials, and 
environmental constraints have all served as 
a stimulus for these analyses. 

For these retrofit applications, medium-BTU gas is 
more applicable than low-BTU gas because it can be 
more readily used in existing equipment without sig-
nificant modification. Generally, medium-BTU gas 
can be fired in gas or oil-fired boilers, gas turbines, 
and process furnaces with little or no derating re-
quired. 

Status of Goal Gasification Technology 

The last several years have seen a dramatic increase 
in the number of gasification processes entering 
Large-scale demonstration and commercialization. 

Table 1 provides an indication of the development 
scale of a number of the more advanced gasification 
systems available worldwide for electric utility ap-
plications. Brief descriptions of these systems and 
their development status follow. 

Texaco Coal Gasification Proceas (TGCP) 

Initial development of the TGCP was conducted in 
the 1940's.	 Since the 1970's work has continued at 
Texaco's Montebello pilot plant facility.	 In 1977,
Ruhrkohle A.G./Ruhrchernje started up a 165 ton per 
day Texaco	 coal gasification pilot plant	 at 
Oberhausen-flolten, West Germany. 	 This pilot plant

has now been replaced by a 750 ton per thy com-
mercial plant providing syngas for oxo-chemical 
production. Three other commercial scale applica-
tions of the TGCP exist; a 900 ton per day unit at 
the Tennessee Eastman chemicals-from-coal plant, the 
100 megawatt (net), 1,000 tons per day Cool Water 
gasification combined cycle project, and the 
1,600 tons per day (total) UBE Ammonia Coal 
Gasification Plant in Japan. 

Dow Gasification Process 

The Dow gasifier was first tested in 1979 in a 
12 ton per day pilot plant and later in a 400 ton 
per day semi-plant, both air blown. The pilot plant 
was upgraded to a 36 ton per thy unit and both 
plants were converted to oxygen-blown designs. A 
1,600 tons per thy capacity semi-plant was con-
structed incorporating the improved Dow process. 
The gas from the semi-plant was used to fuel a 
15 megawatt gas turbine. Over 15,000 hours of 
operation was conducted before the plant was shut 
down. 

The Dow Syngns Project, which started up in April 
1987 is Dow's first commercial-scale unit and the 
largest single train gasifier in the world. Its 
capacity is 2,400 tons per day on Western coal or 
2,900 tons per thy on lignite. The gasification 
plant output Is used to fuel five-year old Westin-
ghouse W-501 D5 gas turbines modified to burn 
medium-BTU gas. Dow has thus far fired the gas 
turbines at 75 percent load with coal-derived gas 
but Is currently limited by fuel nozzle restrictions. 

Shell Goal Gasification Process (SCGP) 

Shell internationals Petroleum llaatschappij (SIPAI) 
B.V. began work on coal gasification in 1972. A 
pressurized entrained-flow slagging coal gasifier was 
built at Shell's Amsterdam laboratories. This six ton 
per day process development unit has been operating 
since 1976.	 A larger 150 ton per thy pilot plant 
was built at the Shell ilarburg Refinery near Ham-
burg, West Germany.	 This larger unit has been 
operating successfully since 1978. Both facilities 
have demonstrated the technical feasibility of the 
process through more than 5,500 hours of operation 
in which more than 27,000 tons of coal were 
gasified.	 A wide variety of coal feedstocks were
tested, including bituminous, subbituminous and lig-
nite. United States coals tested in the pilot plant 
include Pittsburgh and Illinois bituminous coals, 
Wyoming subbituminous, and Texas lignite. 

In April, 1987 Shell completed construction of a 
SCGP demonstration plant at Deer Park, Texas. Shell 
later stated that the plant reached full design 
capacity after two days of operation. The plant in-
cludes coal receiving and preparation facilities, a 
high pressure gasifier with high temperature heat 
recovery, solids removal, and gas and water treating 
to provide clean medium-BTU gas and high value 
steam to be consumed within Shell's adjacent 
manufacturing complex. 
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TABLE 1 

STATUS OF GASIFICATION PROCESSES 

Gasifier 

Entrained-Flow
Texaco 
Dow 
Shell 
PR EN F LO 

Fluidized-Bed 
High Temperature Winkler 
Kellogg Rust Westinghouse 
U-Gas 

Moving-Bed 
British Gas Lurgi 
K I LnGAS

Development	 Pilot, 
Scale,	 Demo , or 

Tons Per Day Camrcial 

1,200 Canitrcial 
2,400 Cnmrclal 

400 Demonstration 
50 Demonstration

	

1,000	 Detnstration 

	

40	 Pilot 

	

30	 Pilot 

	

600	 Demonstration 

	

600	 Demonstration 

PRENFLO 

The PRENFLO process is a dry feed, pressurized, 
entrained flow gasifier. The process has been 
developed by Geselischaft fur Kohle-Technologle mbll 
(GKT), a subsidiary of Krupp Koppers GmbH. Both 
the PRENFLO and the Shell process have evolved 
from the Koppers-Totzek (KT) process developed in 
the 1940's. Between 1976 and 1981, GKT and Shell 
cooperated on the development of a 150 tons per 
day gasification test facility. After that joint ef-
fort, each continued development separately, resulting 
in the SCGP and PRENFLO processes. 

The GKT commissioned a 50 ton per day demonstra-
tion gasifier in Furstenhausen, West Germany in 
August 1986. The test unit results will also be used 
for engineering work now under way for a 
1,000 metric ton per day PRENFLO module, designed 
specifically for IGCC application. 

High Temperature Winkler (IITW) 

Rhelnlsche Braunkohlenwerke AG (Rheinbraun) of 
Cologne, and Uhde Gmbll of Dortmund, West Germany, 
have been cooperating since 1975 in the development 
of the HTW pressurized gasification process, drawing 
on proven features of the atmospheric pressure 
Winkler process which has been commercial since 
1927. In the development of the IITW system, 
preliminary bench scale tests were first conducted in 
the University of Aachen. Then a 48 ton per day 
10-atmosphere pilot plant was constructed in Cologne 
and was commissioned In the summer of 1978. By 
the end of 1984, the HTW pilot plant had processed 
18,300 tons of lignite and 220 tons of peat in a to-
tal operating time of 35,000 hours. Tests were also 
performed with subbituminous coals.

A 600 ton per day 10-atmosphere commercial 
demonstration plant was constructed in Cologne be-
tween 1980 and 1985 for producing synthesis gas for 
methanol manufacture from a Rheinbraun lignite 
feedstock. Over 5,500 hours of operation had been 
achieved through 1987. 

KEW 

The KRW gasifier Is a pressurized, dry feed, ash ag-
glomerating, fluidized bed gasifier. Over 
11,000 hours of operation have been accumulated on 
the 25 tons per day process development unit at 
Madison, Pennsylvania since It began operating In 
1974. The pilot plant development program was Ini-
tially funded by Westinghouse, the Gas Research In-
stitute, and the Department of Energy (DOE). 
Kellogg-Rust purchased the majority interest in the 
technology and continues development with the DOE. 

A KRW gasifier hot gas cleanup IGCC demonstration 
project was selected in the first round of the DOE 
Clean Coal Technology program. The 60 megawatt 
Appalachian Project will gasify 485 tons per day of 
coal to produce a low-STU gas for firing in a gas 
turbine-based combined cycle unit. 	 Construction is
scheduled to start In late 1989. 

U-Gas 

The U-Gas gasifier is a single-stage, fluidized bed 
gasification process. Most of the U-Gas process 
development work has been accomplished on a pilot 
plant put into operation in 1974 at the Institute of 
Gas Technology's test facility in southwest Chicago. 
Approximately 10,000 hours of operating time have 
been logged on this 30 ton per day pilot unit. A 
U-Gas demonstration plant project has been selected 
in the DOE Clean Coal Technology program. 
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British Gas Lurgi (BGL) 

Initial development of the DCL slogging gasifier was 
conducted by Lurgi and Ruhrgas at Holton, West 
Germany in the early 1050's. In 1974, British Gas 
converted a conventional Lurgi dry ash gasifier at 
Westfield, Scotland into a slagging gasifier system. 
This six-foot diameter pilot plant has successfully 
processed a wide variety of coals at feed rates of 
about 300 tons per thy in about 8,000 hours of 
operation. In 1984, a larger eight-foot diameter 
demonstration unit began operation at Westfield with 
the capability of gasifying 600-700 tons per day. 
Gas from both the six-foot and eight-foot diameter 
gasifiers has been successfully fired in a modified 
Rolls-Royce SIC-30 gas turbine.

KILnOAS 

The KILnGAS gasification process has been 
demonstrated in a 600 ton per day full-scale 
demonstration plant at Illinois Power Company's Wood 
River Station. This plant consists of a KILnGAS 
gasifier, Stretford sulfur removal system, and related 
auxiliaries which provide clean low-Bit gas to the 
existing Illinois	 Power	 Company	 Wood	 River
No. 3 boiler. 
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ENVIRONMENT 

COAL'S CONTRIBU'IION TO CARBON DIOXIDE BUILDUP 
ESTIMATED 

The "greenhouse effect" is widely viewed as inhibit-
ing the use of coal-based fuels at some point in the 
future. An overview of current thinking was given 
by G. MacDonald of MITRE Corporation at the Energy 
Technology XV Conference held in Washington, D. C. 
In February. 

It	 has	 long	 been	 recognized	 that	 the atmosphere, 
through	 the	 action	 of	 small	 amounts of	 carbon 
dioxide,	 ozone,	 water	 vapor,	 and other gases,	 traps 
part	 of	 the	 radiation	 emitted	 by	 the earth	 that 
otherwise	 would flow	 Into	 the	 cold	 of outer space. 
As	 early	 as	 1861,	 it	 was	 recognized that	 slight 
changes in atmospheric composition could bring about 
variations	 In	 climate.	 By	 1938,	 it	 had been shown 
that	 man,	 by	 burning	 fossil	 fuels,	 was changing the 
composition	 of	 the	 atmosphere	 and thus could bring 
about shifts in global climate.

The last three decades have brought major advances 
in understanding the links between the atmosphere 
and climate. Detailed measurements of atmospheric 
carbon dioxide show an exponential increase that 
matches the rate at which carbon Is placed in the 
atmosphere by the burning of fossil fuels. Various 
models of the atmosphere, which greatly differ in 
complexity, predict that the carbon released over 
the past century will generate an increase in 
average global temperature of about 1 0 F. Laborious 
analyses of past temperature measurements show that 
an average temperature increase of about 1°F has, 
in fact, occurred. A number of gases whose con-
centration	 depend	 on	 man's	 activities--ozone, 
methane, nitrous oxide and the chlorofluorocarbons--
also contribute to the greenhouse effect. Expected 
future increases of these trace gases will double the 
warming that is anticipated from carbon dioxide 
alone. 

Changes In Atmospheric Composition 

Observations of atmospheric carbon dioxide at a 
remote site in Hawaii show an exponential growth in 
carbon dioxide (see Figure 1) on which a periodic 
seasonal variation Is superimposed. The seasonal 
variation follows the biospheric uptake of carbon 
dioxide during the growing season and its discharge 
during the winter. 

Figure 2 shows the variation of CO 2 concentration 
over the past 250 years; data prior to 1958 are 
taken from ice core determinations. The rise in 
CO 2 concentration from about 290 to 349 parts per 
million over the last 100 years corresponds to the 
addition of 126 billion tons of carbon to the atmos-
phere. Prior to the beginning of the industrial 
revolution in the early 1800's, the concentration of 
CO 2 remained approximately constant, with values of 
275 to 285 parts per million.

FIGURE 1 

ATMOSPHERIC CARBON DIOXIDE 
CONCENTRATION AT

MAUNA LOA OBSERVATORY 
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Year 

FIGURE 2 

HISTORICAL VARIATIONS IN 
ATMOSPHERIC CARBON DIOXIDE 
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Carbon Dioxide from Burning Fcil Fuels 

Figure 3 illustrates historical variations in the addi-
tion of carbon to the atmosphere through the burn-
ing of fossil fuels. 
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FIGURE 3 

CARBON DIOXIDE EMISSIONS FROM
THE BURNING OF FOSSIL FUELS 

Date 

Between 1860 and 1913, the world's consumption of 
fossil fuel and the emission of carbon Increased at 
an average exponential rate of 4.31 percent per 
year.	 Coal was the dominant fuel throughout this 
span of time. The advent of World War I, the 
depression of the 1930's, and World War II led to a 
marked slow-down In the rate of growth of energy 
use to 1.53 percent per year, but then oil began to 
make a major contribution to the overall energy pic-
ture. For the twenty-three-year period beginning in 
1950, world energy consumption grew at a 
4.52 percent per year rate of growth, primarily 
caused by a rapid Increase in the use of oil and 
gas. The oil price shock of 1973 began what ap-
pears to be another extended period of low rates of 
growth for fossil energy use. The 1.15 percent per 
year growth rate for carbon emissions has been 
lower than the rate which prevailed during the 
1913-1950 Interval of war and depression. In 1973, 
the use of coal once again began to grow at a 
greater rate than that of oil, reversing a fifty year 
trend. 

From 1860 to 1984, fossil fuels released 184 billion 
tons of carbon; during this same time Interval, the 
atmospheric	 burden	 of	 carbon	 Increased by
113 billion tons. The increase in the carbon dioxide 
content of the atmosphere corresponds to 61 percent 
of the total carbon released. The bulk of the 
remaining carbon has dissolved In the ocean, but the 
total carbon budget is dependent on the biosphere, 
whose exact role is as yet uncertain. 

Long-Tenn Climate Changes 

The link between carbon dioxide variations and 
climate change has been greatly strengthened by the 
discovery that during the last glacial period, the 
carbon dioxide content of the atmosphere was only 
about 60 percent of recent values. This was deter-

mined by analyzing the air trapped within the two-
kilometer-long Vostok Ice core taken in Antarctica. 

The Increase in carbon dioxide concentration from 
290 parts per million 100 years ago to the present 
value of about 350 parts per million should be 
reflected In an Increase in surface temperature. 
While instrumental records of temperature exist over 
this time interval In most land areas, the analysis of 
temperature shifts is extremely difficult. The basic 
problem is that of detecting a slow, long-term trend 
in a record made noisy by the continuous fluctua-
tions of short-term weather. Despite these Impedi-
ments, the analysis reveals a distinct warming trend 
over the past century. The Increase has been ir-
regular, but the global average warming equals about 
1 0 F. The three warmest years have been 1980, 1981 
and 1983. Further, five of the nine warmest years 
occurred after 1978.	 in the Arctic, surface air
temperature has risen four to eight degrees F over 
the last century. Because the Increase at high 
latitudes is predicted to be four to six times the 
global average, the four to eight degree F Arctic 
value is In accordance with a global average tem-
perature Increase of 10F. 

Computer model calculations Indicate that the total 
change in temperature that accompanies a shift from 
the cold of a glacial epoch to the warmth of an 
interglacial period Is about 30F. 

Trent in Fuel Use 

The amount of carbon dioxide generated by fuel use 
depends not only on the total energy consumed, but 
also on the mix of fuels. The amount of carbon 
dioxide generated In delivering a fixed amount of 
thermal energy depends on the hydrogen-to-carbon 
ratio of the fuel. Methane, with a high hydrogen-
to-carbon ratio, releases less carbon dioxide than 
does coal in delivering the same amount of thermal 
energy. When synthetic fuels are burned, the total 
amount of carbon dioxide released while generating 
useful energy is greater than for fossil fuels, be-
cause energy is also expended, and CO 2 released, In 
the initial process of making the synthetic fuel. 

Alterations in fuel mix have produced major shifts In 
the regional emission of carbon dioxide. In 1950, 
North America was responsible for 45 percent of 
carbon dioxide emissions, the developing world only 
six percent. By 1984, North America's share had 
dropped to 25 percent, with the developing world 
emitting 15 percent. 

The estimation of future changes in global tempera-
ture requires several assumptions: how carbon 
dioxide emissions are divided among the atmosphere, 
oceans and biosphere; estimates of fuel use and fuel 
mix; and a computational methodology. Given these 
assumptions, any projection is bound to be uncertain. 
Figure 4 provides MITRE's forecast. The rate of ex-
ponential growth for CO2 emissions is taken to be 
2.3 percent per year. This rate Is double the rate 
that has held since 1973, but is halt that which 
prevailed during periods of high growth in fossil fuel 
usage.	 With these assumptions, the global average 
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temperature change resulting solely from the addition 
of combustion-generated carbon dioxide will equal 
the temperature change of a glacial to Interglacial 
shift In the next forty years. 

The temperature change Illustrated in Figure 4 refers 
only to changes induced by carbon dioxide. The 
warming due to other trace gases should also be In-
cluded in any estimate of future temperature. 
MITRE suggests that the total global warming In the 
next forty years will be about five to seven 
degrees F, an increase significantly greater than that 
due to CO2 alone, and also greater than the In-
crease that accompanied glacial to interglacial tran-
sitions in the past.

FIGURE 4 

CHANGES IN GLOBAL
TEMPERATURE DUE TO

EMISSIONS OF CARBON DIOXIDE 
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COAL GASIFICATION COMBINED CYCLE A STRATEGY 
FOR ACm RAIN CONTROL 

Coal gasification has generally been ignored as a 
technology option for add rain control on existing 
coal-fired boilers. However, the Cool Water Project 
and the Dow Syngas Project have demonstrated at a 
commercial scale, that Coal Gasification Combined 
Cycle (CGCC) can reduce 502 and NO x to a sig-
nificantly lower level than any other practical 
coal-based acid rain control option. A paper by 
D. R. Simbeck and A. J. Moll of SFA Pacific, Inc. at 
the conference on Comparative Economics of Clean

Coal Technology (Grand Junction, Colorado, November, 
1987) analyzed how coal gasification could be an 
economically attractive option for significant 502 
and NO, reduction In existing power plants. Critical 
retrofit aspects include repowering, co-processing 
(coal gasification along with direct coal combustion) 
and phased construction CGCC. 

Coal-fired	 utility	 power	 plants	 account	 for
55 percent of all the man-made sulfur dioxide emis-
sions in the united States. Therefore, much of the 
emphasis in reducing acid rain has been directed 
toward the utility industry. Current environmental 
regulations for new utility boilers assure that man-
made sulfur dioxide emissions will be significantly 
reduced by the end of this century. However, there 
are pleas by environmental groups to reduce sulfur 
dioxide emissions faster. A number of federal en-
vironmental regulations have been proposed which are 
specifically directed at forcing reduction of sulfur 
dioxide emissions from existing coal-fired utility 
boilers. Furthermore the states of Minnesota, New 
York and Wisconsin already have state environmental 
regulations which force modest sulfur oxide emission 
reduction from existing coal-fired utility boilers. 

Coal-fired utility power plants also account for 
27 percent of all the man-made nitrogen oxides 
emissions in the United States. Most of the acid 
rain debate and proposed regulations to date have 
focused only on sulfur dioxide. However, nitrogen 
oxides emissions may become an even larger acid 
rain issue than sulfur dioxide emissions In the fu-
ture. 

Table 1 is an overview of acid rain control technol-
ogy options for existing large coal-fired electric 
utility boilers. Table 1 also includes important 
issues concerning each technology. Coal gasification 
is commercially demonstrated and can reduce SO2 
and NO x to significantly lower levels than other 
technologies. However, coal gasification is generally 
ignored as an option for emissions control in existing 
power plants. For example, a review of acid rain 
control technology by the Electric Power Research 
Institute (EPRI) did not mention coal gasification as 
an option for existing power plants. 

SPA Pacific believes that coal gasification is ignored 
because the key people Involved in the acid rain 
issue are generally combustion experts with limited 
background in coal gasification. There is also a 
misconception that coal gasification Is too expensive 
to consider for add rain control on existing coal-
fired boilers. This is true if one considers only 
making clean fuel gas from coal in a non-integrated 
"over-the-fence" coal gasification plant and then just 
burning the coal-derived gas In the existing boiler. 
However, the economies of coal gasification for acid 
rain control are greatly improved by repowering, 
coprocessing,	 or integrating the coal gasification 
with the existing power plant. 

The Cool Water plant has demonstrated at a com-
mercial scale that coal gasification can reduce SO2 
and NOx to a significantly lower level than any 
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other coal-based add rain control option. However, 
the key issue is economics. 

Based on cost studies carried out by EPRI, SPA 
Pacific found that CGCC has better emission control, 
lower capital cost and lower operating cost than 
conventional pulverized coal combustion (with flue 
gas treating) or fluidized bed combustion. However, 
these estimates are based on new plants. Utilization 
of coal gasification for emissions reduction in exist-
ing plants requires innovative design. 

Rowertng and Co-Processing 

Repowering refers to the integration of a new com-
bustion turbine power generation unit with an exist-
ing utility steam boiler to create a combined cycle 
system. There are a number of advantages to this 
concept, Including: 

- The thermal efficiency of a combined cycle
is significantly better than a steam cycle. 

- The capital cost of combustion turbine power 
generation is significantly less than any other 
new power generation option. 

- Combustion turbines can be installed in sig-
nificantly less time than any other new 
power generation option. 

- Repowering increases plant capacity, depend-
ing on configuration and desired increase by 
as much as 70 percent. 

- It is attractive for plant life extension and 
better utilization of existing facilities. 

SPA Pacific concludes that the only way coal 
gasification can be economical for emission reduction 
in existing power plants is via repowering to assure 
high efficiency and lower capital cost. Furthermore, 
repowering will actually increase power output and 
efficiency, whereas options such as flue gas treating 
reduce power output and efficiency. SPA Pacific 
believes that repowering existing high sulfur residual 
oil-fired boilers via coal gasification should be con-
sidered first because of the higher price of residual 
oil. Electric utilities in the southern and north-
eastern United States still burn significant amounts 
of high sulfur residual oil. 

Repowering existing high sulfur coal-fired boilers 
with coal gasification may be economically more dif-
ficult but should be considered. Co-processing, or 
the combination of coal gasification repowering and 
continued direct coal combustion offers the best 
hope in these case.	 For all practical purposes, 
gasification provides 	 total sulfur removal and 
produces essentially no NOx Therefore, if legisla-
tion requires 50 percent reduction in sulfur dioxide 
or nitrogen oxides from existing plants, one-half of 
the coal could be gasified while the other half is 
burned normally in the boiler. 

The coal derived fuel gas would be burned in a 
combustion turbine.	 The 1,000 0 F flue gas leaving

the turbine contains 12-15 percent oxygen. This hot 
gas can be efficiently utilized by the coal-fired 
boiler as preheated oxidant. The modified plant will 
have a higher capacity and a better heat rate than 
the original plant. It is interesting to note that 
the original combined cycle power plants in the 
United States were basically like this design. There 
are a number of capital cost and operating ad-
vantages to this design. A coal gasification process 
Is currently under development in West Germany 
based on a co-processing configuration similar to 
this, except that char from the incomplete coal 
gasification and additional coal is burned in an ex-
isting pulverized coal boiler. The developers claim 
much higher efficiency than conventional CGCC be-
cause the direct combustion enables the steam cycle 
to operate at much higher steam superheat and 
reheat temperatures. 

Simbeck and Moll estimate that the capital cost for 
the repowered gasification on an existing plant 
would be about 500-000 dollars per kilowatt of new 
combustion turbine capacity. There are large savings 
by using the existing coal handling, steam bottoming 
cycle and general facilities. The overall capital 
cost including existing capacity and improved heat 
rate would only be about $150-$300 dollars per 
kilowatt depending on the amount of co-processing 
and capacity increase.	 However, the capital costs 
are very site specific. 

Phased Cu,truction 

Phased or staged construction usually refers to con-
struction of natural gas-fired combustion turbines or 
combined cycle power units. The units are built one 
by one as dictated by the utility's shutdown of old 
units or growth in demand. Once there are several 
units installed, a coal gasification system can be 
built to convert the plant to an CGCC. There are 
a number of advantages of phased construction CGCC 
over direct coal combustion including: 

- Gradual capacity increase 

- Gradual capital expenditure 

- Short time from start of construction to Ini-
tial electric generation 

- Lower economic risk as the coal gasification 
investment Is delayed, and the combined 
cycle can operate on natural gas until the 
price and supply of gas warrant the change 
to coal 

Phased construction CGCC should also be attractive 
as an alternative emissions control alternative for 
existing high sulfur coal-fired utilities. Natural 
gas-fired combustion turbines can be quickly and in-
expensively installed to repower the existing coal-
fired boiler.	 Coal and natural gas can be co-



processed with the ratio determined by sulfur dioxide 
and nitrogen oxides reduction requirements.	 The
short term price and economies of natural gas make 
this economically attractive. 	 As natural gas prices
increase and the current oversupply of natural gas is 
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consumed, the plant can be converted to coal-
derived gas. 

The first phase of natural gas repowering has a 
capital cost of about 250 dollars per kilowatt of 
new combustion turbine capacity. The overall capi-
tal cost including existing capacity and improved 
heat rate is only about 75-150 dollars per kilowatt 
depending on the amount of co-processing and 
capacity increase. The later phase of coal gasifica-
tion is about 250-350 dollars per kilowatt of new 
combustion turbine capacity or only 75-150 dollars 
per kilowatt of total capacity. Again, capital costs 
are very site specific. 

At the current time coal technology cannot compete 
economically with natural gas combustion turbines for 
new electric generation capacity. This is due to 
the significantly lower capital cost of combustion 
turbines and the short term low price of natural 
gas.	 In the long term, however, the supply and 
price of natural gas is tenuous.	 Therefore, phased
construction CGCC power generation offers the best 
situation for utilities. Wisconsin Electric Power 
Company recently announced plans to abandon its 
proposed fluidized bed combustion retrofit at the ex-
isting Oak Creek Power Plant. It now plans to add 
natural gas-fired combustion turbines. The plant will 
be converted to coal gasification whenever the price 
or supply of natural gas warrants the change. 

Summary 

Simbeck and Moll state that the United States 
electric utility industry and the politics of acid rain 
are on a collision course which could have serious 
economic consequences. The United States electric 
utility industry in general Is not interested in new 
generation capacity at this time. Furthermore, most 
utilities with old coal-fired units are planning to 
extend the life of these existing units to avoid 
building new replacement generation capacity. This 
Is because oil existing plants are not required to 
meet current environmental laws and because the 
environmental requirements and inflation of the 
1970's make new replacement plants significantly 
more expensive. 

The acid rain issue is specifically directed at reduc-
ing sulfur dioxide and nitrogen oxides emissions from 
the old existing coal-fired power plants. The 
polities are also directed at flue gas treating on 
these old plants. This is because the high-sulfur 
coal producing states want to make sure that 
utilities do not choose the option of conversion to 
low sulfur Western coals. Adding flue gas treating 
systems to old boilers Is economically questionable 
because it adds capital while reducing capacity, 
thermal efficiency, and availability. Unfortunately, 
utilities are not able to shut down these old units 
and build new generation capacity based on tech-
nologies that can use coal cleanly. For the next 
few years, new coal-based technology will be un-
economical relative to natural gas-based combustion 
turbine technology. 	 However, the long term supply 
and price of natural gas is uncertain.

Phased construction CGCC could resolve these 
problems. This could include both new phased con-
struction CGCC and phased construction with 
repowering and co-processing of existing plants. 
This alternative enables utilities to quickly respond 
to emission requirements and future electric demand 
while gradually changing to modern, clean and effi-
cient technology.	 In addition, this gives utilities 
maximum fuel flexibility. Finally, phased construc-
tion CGCC Is the only way utilities can be cost 
competitive with natural gas-based combined cycle 
PURPA cogenerators in the short term while assuring 
reliability, low cost electricity In the long term by 
conversion to coal gasification. 

DOE ISSUES FINDING OF NO SIGNIFICANT IMPACT FOR 
ENERGY INTERNATIONAL UCG PROJECT 

The United States Department of Energy (DOE) in 
February issued a Finding of No Significant Impact 
for Energy International's underground coal gasifica-
tion project near. Rawlins, Wyoming. 

The Department has entered into a Cooperative 
Agreement with Energy International Incorporated (El) 
under the Clean Coal Technology Program. The 
primary objective of this Cooperative Agreement is 
to conduct a cost-shared demonstration of the con-
version of synthesis gas produced by underground 
coal gasification (UCG) to marketable ammonia and 
area products.	 The demonstration would begin in 
1989 and last for about one year. If the 
demonstration is successful, the project would con-
tinue in commercial operation without modification 
for an additional 10-14 years. An Environmental As-
sessment (EA) was prepared which addresses the 
potential impacts of the proposed action. 

DOE determined, based on the EA, that the proposed 
UCG project is not a major federal action sig-
nificantly affecting the quality of the human en-
vironment within the meaning of the National En-
vironmental Policy Act. Therefore, an environmental 
impact statement will not be prepared. 

Issues 

The most critical issues discussed in the EA are the 
potential impacts to groundwater and land subsidence 
resulting from underground gasification at the burn 
modules. 

The Proposed Aetlai 

The proposed action will lead to the construction 
and operation of a UCG ammonia/urea project in 
Carbon County, Wyoming eight miles west of Rawlins. 
Figures 1 and 2 depict the general and specific 
location of the project. The project will be a 
proof-of-concept demonstration of the economic 
viability of UCG technology to provide a gas 

4-42	 SYNTHETIC FUELS REPORT, JUNE 1988



feedstock for a commercial facility. in this 
demonstration the product gas is to be used as 
feedstock for a commercial ammonia/urea facility. 
The project includes the UCG area itself and the 
nearby ammonia/urea facility,	 as Illustrated in
Figure 2. The area of potential gasification (mining 
permit area) consists of 205 acres,	 and the
ammonia/urea facility covers 40 acres. 

FIGURE 1 

GENERAL LOCATION OF ENERGY 
INTERNATIONAL UCG PROJECT 
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The first field tests in the United States Involving 
gasification of steeply dipping coal beds (oriented at 
an angle of greater than 35 0 from horizontal) were 
conducted at the proposed site in 1919 and 1981 by 
Gulf Research and Development Company. Ap -

proximately 1,200 and 8,500 tons of coal were 
gasified at rates of 34 and 132 tons per day in the 
first and second test, respectively. 

Three steeply dipping coal beds (oriented at an angle 
of about 63 0 from horizontal) have the potential to 
be gasified at the UCG site. The seam that would 
be used during the demonstration varies from seven 
to 25 feet In thickness, with a total estimated 
reserve of 2.2 million tons between 400 and 
1,200 feet below ground at the UCG site. The coal 
Is "subbitumlnous 8" in rank with a heating value of 
approximately 9,400 BTU per pound and 0.2 percent 
sulfur.

FIGURE 2 

SITE LAYOUT OF THE UCG 
AMMONIA/UREA PROJECT 
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The UCO process to be employed is shown 
Figure 3 for an individual module. Each me 
consists of four slant injection wells and a at 
slant production well that are drilled at an angle 
350 from vertical to access the coal seam. 
side-by-side Injection wells, offset by 30 feet 
each side of the production channel, intersect 
coal seam at a true vertical depth of 1,200 
the other two injection wells, offset by 45 feet 
each side of the channel, intersect the seam 
800 feet. The production well intersects the 5 
at 400 feet. 

FIGURE 3 

UCG MODULE CONFIGURATION 

SPW Slant Production Well 
51W Slant Injection Well 
IVO True Vertical flenth

The coal seam Is ignited at the bottom of the in-
jection wells; the subsequent combustion of coal 
results in the formation of a cavity that grows as 
the coal Is consumed. Initially, the lower two wells 
operate and when the combustion process becomes 
nearly exhausted, the upper two wells replace the 
Initial pair. The steep angle of the coal bed helps 
to channel the gases up to the production well and 
allows the rubble to fall away from the current 
area of combustion. 

Two to four UCG modules would operate simul-
taneously until they are completely exhausted and 
additional modules are brought on-line during com-
mercial operation. Module life is estimated to be 
1.4 years. Module widths would be 150 feet with a 
75-foot buffer zone, resulting in 225 feet between 
production wells. The average coal gasification rate 
would be 500-1,000 tons per day. The gasification 
rate per module would be 250 tons per day, which 
is a factor of two greater than the Test Bum #2 
gasification rate of 132 tons per day. Between 
170,000 and 340,000 tons of coal would be gasified 
during the proof-of-concept demonstration, a factor 
of up to 300 greater than the first field test and 
40 greater than the second field test. A portion of

the raw UCO product gas would be cleaned and con-
verted	 into synthesis gas	 as	 feedstock to	 the 
ammonia/urea plant, which	 would produce 
400-450	 tons per day of urea and	 00 tons per day 
of ammonia. The	 raw gas	 could	 also	 be used	 as 
plant fuel depending on natural gas prices.

The regional groundwater environment 
hydrostratigraphic units of interest in the area in-
clude the Tertiary Aquifer System (TAS), the Lewis 
Aquitard, and the Mesaverde Aquifer. The proposed 
UCG site lies within the TAS. Hydraulic connection 
between the TAS and the Mesaverde Aquifer (as well 
as other aquifers further to the east) is prevented 
by the Lewis Aquitard, which is a thick shale unit. 

There are tour formations in the TAS. The Wasatch 
and Battle Spring formations are exposed throughout 
most of the Great Divide Basin whereas the Fort 
Union and Lance formations are exposed along the 
western edge of the adjacent Rawlins Uplift. The 
proposed UCO project is located on steeply dipping 
sandstones, siltstones, and coal seams of the Fort 
Union Formation. The Lance Formation is lithologi-
cally similar to the Fort Union Formation, but the 
Wasatch and Battle Spring formations contain more 
coarse grained sands and conglomerate. All these 
strata are more or less hydraulically connected to 
one another and, for this reason, they are con-
sidered to be a single hydrostratigraphic unit. Col-
lectively these strata are called the Tertiary Aquifer 
System. 

Groundwater containing less than 1,000 milligrams per 
liter total dissolved solids is located three miles 
south of the site, and several wells are permitted 
for domestic use on the south side of Interstate 
Highway 80.	 Contamination of these wells by the
proposed project is extremely unlikely because 
groundwater flow Is toward the northwest. 	 Welts
within three miles and downgradlent of the site 
generally exceed 1,000 milligrams per liter total 
dissolved solids. The nearest downgradient permitted 
domestic well is located 15 miles northwest of the 
proposed site. 

Figure 4 is a geologic cross-section. The water 
table is a subdued replica of the land surface (sub-
parallel to the surface, but with a gentler slope); it 
slopes at a gradient of 54 feet per mile to the 
northwest near the proposed site and four feet per 
mile to the northwest near the center of the Great 
Divide Basin. 

Table 1 presents salient facts for nearby water 
wells. An upgradlent domestic well is located four 
miles southeast of the proposed site, two wells 
suitable for livestock use are located adjacent to 
and one mile southwest of the site, one well (nearly 
acceptable for domestic use) is located five miles 
northwest (downgradlent) of the site, and one domes-
tic	 well	 Is	 located	 15	 miles	 northwest 
(downgradlent). The well five miles northwest of 
the site has a marginal yield of three gallons per 
minute whereas the other wells have higher yields 
ranging up to 300 gallons per minute. 
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FIGURE 4 

VERTICAL CROSS-SECTION IN PROJECT AREA 
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TABLE 1 

K4TM WELLS IN THE P&)JWF AREA 

Travel Tine (YES) 
Source Of 

Water Hydraulic Conductivity 

	

Quality	 Primary	 Fracture-

	

(Ins)	 Porosity	 Enhanced 

Upgradient Upgradient 

	

13	 1.3 

	

2,800	 350	 35 

	

746	 4,000	 400 

	

316	 35,000	 31,400 

Location With 
Respect To Site	 Format ion 

4 Miles SE	 Lance 
At Property Line	 Fort Union 
1 Mile SW
	 Fort Union 

5 Miles NW
	 Battle Spring 

15 Miles NW
	 Battle Spring

Table 1 presents minimum lengths of time required 
for groundwater to travel from the proposed site to 
the selected wells.	 Two travel time columns are 
presented. One column represents travel times as-
suming that hydraulic conductivity is related only to 
an aquifer's primary porosity and the second column 
represents travel times assuming that hydraulic con-
ductivity Is enhanced by a factor of 10 by secon-
dary fracture porosity.

The effect of possible fractures on current 
groundwater circulation is unknown but the travel 
time estimates given in Table I are considered to be 
highly conservative. 

Even if hydraulic conductivity is fracture enhanced, 
Table 1 shows that the environmental impact of the 
proposed project would be limited to stock water 
wells within one or two miles of the site. At 
longer distances arrival times of groundwater are on 
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the order of 100's to 1,000's of years and dilution 
Of potential contaminants by dispersion would result 
In insignificant long-term impacts. 

Local Groundwater Enviroument 

Seven water wells have been drilled in Township 21 
North, Range 80 West, where the proposed UCG site 
is located. A well owned by the Sandstone Sheep 
Company of Rawlins, Wyoming, is located in the 
southeast quarter of Section 10, a few hundred feet 
west of the proposed plant site. The well Is used 
for watering stock and produces 15 to 20 gallons 
per minute from perforated casing between depths of 
420 and 452 feet in the Fort Union Formation. 

Three other groundwater development areas are lo-
cated within one and two miles of the proposed 
project. Depths to water In these wells range from 
30 to 69 feet. Chemical analyses from one of four 
wells located in Section 22 (about one mile south of 
the site) show the water to suitable for livestock 
use (Class In). Concentrations of sulfate and total 
dissolved solids are too high for other uses. 

No wells have been drilled in the western half of 
Section 11., which is In Separation Flats on the 
boundary between the Great Divide Basin and the 
Rawlins Uplift. 

No aquifers were Identified during extensive test 
drilling in the eastern half of Section 11, which Is 
In the zone of steeply dipping Fort Union strata on 
the western edge of the Rawlins Uplift. Generally, 
test holes yielded groundwater at rates of a few 
tens of gallons per day in contrast to 15 to 
20 gallons per minute near the western boundary of 
Section 11. 

The groundwater is suitable only for industrial use 
(Class IVA) because of its high alkalinity, sodium ab-
sorption ratio (SAn), residual saturation carbonate 
(RSC), and high concentrations of zinc, chromium, 
and lead.	 Toxic metals such as these are common 
In reducing environments such as coal seams. Be-
cause of the low yields, however, this coal seam is 
not considered to be a groundwater resource. Low 
groundwater yield may be typical of steeply dipping 
coal seams assuming hydraulic conductivity Is not 
enhanced by fractures. 

Baseline groundwater quality in sandstones overlying 
the coal seam is unknown. Because of low yields, 
however, these strata are also not considered to be 
groundwater resources. 

All test and monitor wells developed by Cuff during 
earlier tests were plugged and abandoned alter 
several years of post-burn monitoring. The Wyoming 
Department of Environmental Quality (WDEQ) released 
Cuff Research and Development Company from further 
monitoring requirements on September 18, 1986. 

Impacts on Groundwater Rairous 

The only groundwater resource of concern is the 
nearby Fort Union strata of Separation Flats. 	 Al-

though the aquifers are probably non-potable (Class 
III), there Is a producing water well located a few 
hundred feet west of the proposed plant site. This 
well Is owned by Sandstone Sheep Company and Is 
used for watering livestock In Separation Flats. 
Mitigative measures would minimize the potential for 
Impacts to off-site groundwater quality. In addition, 
WDEQ would require through a performance bond that 
groundwater be restored to baseline conditions, which 
would be determined prior to commencing operation. 

No potable aquifers are likely to be impacted by the 
proposed project. Battle Spring potable aquifers are 
too far to the northwest (five miles), and other 
potable aquifers southeast of the site are upgradient. 
The Mesavcrde Aquifer and others further to the 
east are upgradient from the site and Isolated from 
the Tertiary Aquifer System by the Lewis Aquitard. 

On-site groundwater adjacent to the burn modules In 
the eastern half of Section 11 Is not considered a 
resource. Groundwater yields are too low to gener-
ate sustained production, and the baseline water 
quality Is already Class IV: unsuitable for use other 
than as an industrial water supply. Nevertheless, 
the groundwater In this area would also be returned 
to Its baseline conditions, as required by the WDEQ. 

Groundwater Contamination Sources 

With regard to groundwater contamination from the 
UCG process, the source of contamination would be 
the products of the gasification process which 
potentially could reach the overlying sandstone after 
the roof of the burn cavity collapses or through a 
ruptured production well easing. Proposed burn 
modules would be located in the eastern half of 
Section 11 (about 3,000 feet from off-site resources) 
where no contaminant pathways have been identified. 
Past experience at this site has shown that 
groundwater quality in the immediate area surround-
lag the burn module returned to pre-use conditions 
following Test Burn #2, without the need for active 
restoration of the groundwater. The water levels, 
on the other hand, had not yet returned to pro-use 
levels before the monitoring wells were plugged and 
abandoned. 

If no faults or fractures are intersected by the burn 
modules, impacts to groundwater resources are ex-
pected to be minimal. If, on the other hand, a 
fault or fracture does provide hydraulic communica-
tion with Separation Flats, groundwater quality could 
be impacted as the piezometric head equilibrates be-
tween the collapsed sandstone overlying a production 
module and aquifers of Separation Flats. Short or 
long-term impacts could occur depending on how 
rapidly equilibrium occurs. Monitoring and mitigation 
measures would be developed to address specifically 
this possibility and minimize the potential for such 
impacts. 

Mitigative Measures 

Mitigative measures would be implemented to mini-
mize the potential for impacts to groundwater 
resources.	 In accordance with WDEQ requirements, 
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monitor wells would be located strategically for 
early detection of (1) leaking injection and produc-
tion wells, and (2) movement of groundwater con-
taminants toward Separation Flats. The WDEQ would 
establish upper control limits for selected 
groundwater contaminants and protocols for remedial 
action if limits are exceeded. The most likely con-
taminants to be monitored by wells near the born 
modules are phenols, ammonia, cyanide, alkalinity, 
total organic carbon, and total dissolved solids. 

Measures to reduce the potential for groundwater 
impacts from burn modules include proper location of 
the burn modules, and well siting and drilling plans. 
Areas directly underlying major surface drainages 
would be avoided. This would minimize the potential 
for intersection of a burn module with a fault or 
fracture. 

In the event that monitoring detects contamination, 
active groundwater restoration would be performed, 
as necessary, to return groundwater to pre-use con-
ditions. Aquifer restoration methods which might be 
used include reverse osmosis, electrodialysis, and 
carbon filtering. 

Land Subsidence 

An overburden collapse model developed by 
researchers at Ohio State University was used to 
simulate surface subsidence for the proposed project. 
This	 simulation predicts	 there would be	 no
measurable subsidence at the land surface if the 
reactor modules were developed as designed 
(225 feet between modules with a 75-foot buffer 
zone of unburned coal between them and a roof at 
least 400 feet beneath the surface), According to 
DOE, Advanis model successfully simulated land sub-
sidence at several UCG sites, including simulations 
for the two field tests conducted at the proposed 
site. Although the model successfully simulates sub-
sidence in the short-term, its ability to predict 
long-term effects (greater than about 25 years) 
remains uncertain. Therefore, for the purpose of 
evaluating the appropriateness of mitigative tech-
niques it was conservatively assumed that surface 
subsidence is possible as a consequence of the 
proposed project. 

TOXICOLOGICAL ACTIVITY OF COAL LIQUIDS REDUCED 
BY HYDROGENATION 

Pacific Northwest Laboratory has completed a major 
effort to compile and evaluate the chemical, physical 
and toxicological data base available on coal conver-
sion products. At the 1987 International Conference 
on Coal Science, R.H. Gray summarized this effort 
and discussed those properties/characteristics of coal 
conversion materials that most directly relate to 
toxicological effects. 

The study focused on assessing potential health and 
environmental effects of a large-scale synfuels In-

dustry. Study materials were obtained from a 
variety of coal feedstocks over a range of process 
conditions, In process facilities representing bench-
scale units to pilot plants (processing from pounds to 
tons of coal per day). Other fossil-derived materials 
and selected chemicals were studied concurrently for 
comparative purposes. Data from the study of these 
reference materials, which included shale oil, crude 
and refined petroleums, and pure forms of known 
chemical mutagens and carcinogens, helped to place 
in clearer perspective results obtained with coal-
conversion materials. 

The influences of process or operational modifications 
and control technology options on the chemical com-
position and potential health and environmental ef-
fects	 of	 coal-conversion	 materials were also 
evaluated. Short-term bloassays were coupled with 
Integrated chemical fractionation and analyses to 
identify changes in the chemistry of coal-conversion 
materials that might account for modifications in 
toxicological activity. 

Over 400 coal-conversion materials were obtained 
from nearly 40 coal-conversion facilities and assayed 
for toxicological response. Toxicological responses 
included in vitro cytotoxicity, mutagenicity and cel-
lular transformation, and in vivo acute toxicity (e.g., 
ocular and dermal irritation, etc.), embryotoxicity, 
teratogenicity and carcinogenicity. 	 Most materials 
were studied In vitro using the Ames 
Salmonellla/mammalian rnlcrosome mutagenicity assay. 
Because of time and cost considerations, considerably 
fewer materials were evaluated for dermal car-
cinogenicity in vivo. Data on process conditions, 
physical properties and chemical characteristics of 
samples assayed for toxicological response are avail-
able for many coal-liquefaction materials, especially 
those representing SRC, EDS and 11-coal processes. 
More limited data, especially those for physical 
properties and chemical characteristics are available 
for gasification materials. 

Toxicological Results 

Certain coal-derived materials contain components 
with high specific mutagenic activities as determined 
In the Ames assay. The concentration of high-
molecular-weight components Is related to mutagenic 
response, i.e., higher-boiling-range (higher-molecular-
weight) components show higher mutagenlc activities. 
The	 Ames	 assay	 is particularly	 sensitive	 to
nitrogen-containing polycyclic aromatic compounds 
(N-PAC), principally amino-PAH. The amine-rich 
fraction constitutes a small portion of the weight of 
most crude materials, but Is often responsible for 
most of the material's mutagenic activity. Other 
microbial assays were used on a limited number of 
materials, and results were qualitatively similar to 
those of the Ames assays. 

Fifty-nine materials were assayed for dermal 
tumorigeriicity In mice. Experimental conditions were 
either chronic (exposure to multiple doses of 
material over 1-2 years) or involved exposure to a 
single dose of material followed by exposure over a 
period of six months to an agent known to 
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"promote" the growth of tumors initiated by chemical 
carcinogens. Carcinogenic activity of crude coal-
conversion materials was generally greater than that 
observed with materials from shale oil or petroleum 
technologies. Materials with greater concentrations 
of high-molecular-weight hydrocarbons were most 
carcinogenic; PAil components were the dominant 
dermal carcinogens. Carcinogenic components of 
coal-derived liquids, like rnutagenic components, were 
found in high-boiling-range distillates. 

The carcinogenic activity of fractions of some 
materials was greater than that of unfractionated 
material. Synergistic effects (those greater than the 
sum of the biological activities of specific com-
ponents) were found in the mutagenic response to 
aromatic amines.

Engineering Analyab 

tion temperatures and li/C ratios. 
The mutagenic and carcinogenic activity of coal 11- 
quids varied with the nature and severity of coal 
processing. Toxicological activity could be reduced 
by any processing that effectively cracked and 
hydrogenated toxicologically active Components. 
ilydrotreatment of coal-derived liquids also resulted 
in decreased mutagenic and carcinogenic activity 
(Figure 1) and acute toxicity.

FIGURE 2 
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Over the range of coal-conversion materials 
analyzed, boiling point and extent of aromaticity 
(and thus hydrogenation) were the most reliable pre-
actors of mutagenic and carcinogenic response. In 
particular,	 coal-liquefaction	 materials	 with

95 percent distillation temperatures above 650-700°F 
and having hydrogen/carbon (11/C) ratios less than 1.5 
were consistently rnutagenic and carcinogenic regard-
less of the process from which they were derived. 
Materials boiling below 650°F and having il/C ratios 
greater than 1.5 were generally inactive (Figure 2). 
Factors such as coal type and handling, specific 
process design and other engineering considerations 
had little influence on toxicological activity beyond 
that reflected in their effect on 05 percent distilla-
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Hydrotreating reduces overall aromaticity and 
heteroatom content of the feedstock and lowers, al-
though to a lesser extent, the 95 percent distillation 
temperature. Because of reduced aromaticity, 
hydrotreated products may have greatly reduced 
mutagenic or carcinogenic activity even though their 
95 percent distillation temperatures exceed 6500F. 

Reduced aromaticity after hydrotreatment reflects 
destruction of higher -molecular-weight PAR, N-PAC 
and related compounds that are responsible for 
mutagenic and carcinogenic activity. 

The researchers found insufficient data (process con-
ditions, physical properties, chemical and toxicologi-
cal properties) to explain the presence or magnitude 
of mutagenic or carcinogenic activity In gasification 
oils and tars. Process variables controlling produc-
tion of toxicologically active materials are numerous, 
Interrelated and complex. Nonetheless, several 
trends relative to the toxicological properties of 
coal gasification tars and oils were identified and 
suggest that principles similar to those found for 
coal-liquefaction materials may apply.

Worker Ezpure 

The degree of hazard In a coal conversion facility 
depends to some extent on the specific process and 
process conditions. However, one chemical class, 
PAM, is common to and of particular concern in all 
processes. The PAR can be present in liquid 
products, as aerosol emissions, in byproducts, or as-
sociated with particulate matter. Although available 
only for short-term exposures to coal-derived 
materials,	 data from coal-liquefaction pilot-scale 
facilities are encouraging. Compared to the ex-
perience in coke plants, results suggest that if 
worker exposures in coal-conversion facilities are 
monitored, and sound industrial hygiene procedures 
are applied, occupational health problems can be 
minimized. 
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RESOURCE 

PRILLIP3 PROPOSES DRY FORK MINE FOR CAMPBELL 
COUNTY, WYOMING 

A draft environmental impact statement was issued 
In April for Phillips Petroleum Company's proposed 
mining plan for the Dry Fork Mine, northeast of Gil-
lette In the Powder River Basin, Campbell County, 
Wyoming (see Figure 1). 

The mine would eventually cover 3,798 acres of 
state and private surface lands, 75 percent of which 
overlie federal coal (leases W0271199, W0271200, 
and W-0271201). The Dry Fork mine would be - in 
operation for approximately 34 years, from premining 
construction and development through bond release 
after final reclamation. It would produce a maxi-
mum of 15 million tons of coal per year (Table 1) 
and eventually remove a total of 226 million tons of 
coal over the life of the mine. The project would 
consist of four separate mining areas: the northwest 
area, the south advance area, the southwest area, 
and the east advance area (see Figure 2). These 
mining areas, together with the mine facilities area, 
would eventually disturb a total of 2,905 acres 
within the 3,798 acre permit area. Coal would be 
extracted using truck-and-shovel, open-pit methods. 
Processed coal would be transported by conveyor to 
coal-storage silos located on a rail loop adjacent to 
Burlington Northern Railroad Company's branch line. 

Phillips has proposed an initial permit term for the 
mine, during which it would be restricted to 
1,045 acres of surface disturbance within the 
3,798 acre permit area. Upon successful compliance 
with the approved permit, Phillips would be entitled 
to successive permit renewals in five-year increments 
until the entire 226 million tons of coal were 
removed. 

Table I shows the projected annual coal production, 
disturbed and reclaimed acreages at the mine 
throughout its active life. 

Total Coal Development In Area 

There are 21 operating or proposed coal mines in 
Campbell County. (See Figure 1.) Six existing and 
two proposed mines are contiguous with each other 
in a seven-mile wide by 12-mile long strip in the 
area north and east of Gillette, Wyoming. The ex-
isting mines in this strip are (1) the Buckskin mine, 
operated by Triton Coal Company, a division of Shell 
Oil Company; (2) the Rawhide mine, operated by 
Carter Mining Company, a division of Exxon Coal 
USA, Inc., (3) the Eagle Butte mine, operated by 
AMAX Coal Company, (4) the Fort Union mine 
operated by Frontier Coal Company, (5) the Clovis 
Point mine, operated by Kerr-McGee Coal Corpora-
tion, and (6) the Wyodak mine, operated by Wyodak 
Resource Development. The proposed mines are (1) 
the Dry Fork mine, to be operated by Phillips, and 
(2) the East Gillette Federal mine, to the operated 
by Kerr-McGee Coal Corporation.
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TABLE 1 

S(EflJJLE FOR 'TUE PROPOSED DRY FORK MINE 

Coal 
Production Area Area 

Year Of (Million Disturbed Reclaimed 
Operation Tons) (Acres) (Acres) 

1 0 382 0 
2 0 4 0 
3 1.5 272 0 
4 3.0 87 19 
5 3.2 105 44 
6 4.0 61 66 
7 6.0 134 27 
8 6.0 208 56 
9 9.0 78 46 

10 12.0 284 84 
11 15.0 175 228 
12 15.0 167 115 
13 15.0 59 77 
14 15.0 11 76 
15 15.0 40 112 
16 15.0 138 158 
17 15.0 102 125 
18 15.0 85 171 
19 15.0 97 241 
20 15.0 108 63 
21 15.0 110 58 
22 15.0 163 77 
23 1.733 35 350 
24 0 0 683 

Total 226.433 2,905 2,888

Altogether, the life-of-mine permit areas for these 
eight mines total 30,424 acres. Upon completion of 
mining, the eight mines would have disturbed about 
21,744 acres and produced about 2.1 billion tons of 
coal. 

In the year 2012, when the Dry Fork mine would 
have completed mining and reclamation activities, 
three of the other seven mines would still be ac-
tively mining coal (East Gillette Federal, Fort Union, 
and Wyodak). By 2022, when the Dry Fork mine 
would have met all reclamation standards, all of the 
other seven mines would have ceased coal-extraction 
operations. The last of the eight mines to cease 
active coal mining (assuming no additional mine 
acreage were developed) would be the Fort Union 
mine in 2019. 

Mine Plan 

The total life of the proposed mine would be 
34 years: two years for premining development and 
equipment erection, 21 years to recover ap-
proximately 226,433,000 tons of coal, one year to 
complete reclamation activities, and 10 years to ob-
tain final bond release. Coal production rates would

vary from 3.0 to 15.0 million tons per year 
(Table 1). 

The majority of facilities proposed for the Dry Fork 
mine would be centrally located on 61 acres in the 
SE1/4SE1/4 section 24 and the NE1/4NE1/4 section 25 
In the north portion of the life-of-mine area. 

Coal-processing facilities would include a truck 
dump/crusher facility, a drivehouse, and transfer and 
sampling station. A silo cluster and train load-out 
would be located on the east side of Moyer Springs 
In the SW1/4SWI/4 section 19. Run-of-mine coal 
would be dumped into 750-ton-capacity receiving 
hoppers above one of four roll crushers housed in an 
80-foot-deep reinforced concrete pit. A 72-inch, 
480-foot-long covered conveyor would lift the 
crushed coal to a drivehouse, which would house a 
transfer tower, sampling station, baghouse, and coal 
laboratory. A second 72-inch, 1,280-foot-long 
covered conveyor would carry the coal from this 
drivehouse across Moyer Springs to the cluster of 
four storage silos.	 Construction of the first two 
13,000-ton-capacity silos (70 feet in diameter, 
265 feet high) over the outside loop of track would 
occur during initial development. The remaining two 
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silos would be installed after production expands to 
6.0 million tons per year. Transfer conveyors on 
top of the silos would distribute coal among the 
silos from the main conveyor terminus. 

A proposed railroad loop would be used for coal 
loadout at the Dry Fork mine, It would be located 
adjacent to Burlington Northern Railroad Company's 
branch line in the 81/2 section 19. This branch line 
currently fins from the railroad company's main 
east-west line to the Rawhide, Buckskin, Eagle Butte, 
Fort Union, proposed East Gillette Federal, and Clovis 
Point mines north and east of Gillette. Two inbound 
tracks, one outbound track, three turnouts, and two 
weigh-in-motion scales would be constructed within 
the permit area to accommodate the proposed Dry 
Fork mine.

FIGURE 2 

THE FOUR MINING AREAS WITHIN
THE DRY FORK LIFE-OF-MINE AREA 

NORTHWEST 
AREA	 4° 

FACILITIEi" a• 
AREA

'_-_Th_i t4 

EAST ADVANCE 

SOUTH 
ADVANCE 

SOUTH 
WEST	 N AREA

Coal at the Dry Fork mine would be removed in 
four separate segments: the northwest area, the 
south advance area, the southwest area, and the 
east advance area (Figure 1). Mining would begin 
simultaneously in both the northwest area and the 
south advance area in year three and would continue 
in the northwest area until year eight and in the 
south advance area until year 16. Operations would 
begin in the southwest area in year eight, when 
coal In the northwest area would have been 
depleted, and would continue there until year 14. 
Operations would begin in the east advance area In 
year 16, when coal in the south advance area would 
have been depleted, and would continue there until 
year 23. Coal to be mined is from the Canyon and 
Anderson seams and the carbonaceous parting be-
tween them; it averages 87 feet thick except where 
it has burned naturally and is partly or entirely 
missing. Phillips holds joint backsioping agreements 
for its proposed Dry Fork mine with AMAX Coal 
Company (for its Eagle Butte mine), with Kerr-McGee 
Coal Corporation (for its East Gillette Federal mine), 
and with Frontier Coal Company (for its Fort Union 
mine, pit No. 2). These agreements would allow all 
companies to recover coal up to their joint property 
lines. Because no backsioping agreement exists be-
tween Phillips and the owners of the Shaw Ranch 
property, Dry Fork would have to maintain a 100 
foot buffer zone between the pit and the life-of-
mine area boundary In that area. 

Overburden in the mining area reaches thicknesses of 
over 200 feet with an average of 95 feet thick. 
Each of the four separate segments of the Dry Fork 
mine would be mined sequentially In rectangular pits 
excavated to the coal in a series of benches 
40 feet high and 120 to 150 wide. All overburden 
thicker than 40 feet would be drilled with diesel-
powered, 40,000-pound, pull-down drills and blasted 
with ANFO and a bagged, waterproof blasting agent. 
Removal would be accomplished primarily by 26-cubic 
yard electric shovels loading material into 170-ton, 
end-dump, diesel-electric trucks. Interburden 
material between the Anderson and Canyon seams 
would be removed by 31-cubic yard wheel-tractor 
scrapers. 

All coal would require drilling and blasting. 
Removal would be accomplished primarily by 26-cubic 
yard electric shovels loading material into 170-ton, 
end-dump, diesel-electric trucks for transport along 
the coal haul road to the truck dump/crusher 
facility. Material would be removed in a series of 
three benches approximately 40 feet high and 120 to 
150 feet wide. 
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NCA CLEARED OF ANfl-flUST CHARGESIN LAND 
EXCHANGE LAWSUIT 

United States District Judge James Battin ruled that 
the National Coal Association (NCA) did not violate 
anti-trust laws when it flied a lawsuit to prevent 
the Circle West exchange of coal properties. A land 
exchange between Meridian Minerals Company and the 
federal government was opposed by NCA in a lawsuit 
on the basis that it gave the railroad a competitive 
advantage.	 Meridian is a subsidiary of Burlington 
Northern.	 Meridian countersued, charging that NCA 
violated anti-trust laws in bringing the lawsuit.

Meridian Minerals Company wants to consolidate its 
checker-board holdings in McCone County by ex-
changing certain tracts with the government to make 
large contiguous tracts. Meridian would get about 
7,887 acres containing 173 million tons of coal, and 
the government would get 11,553 acres with 
181 million tons of coal. 

Judge Battin ruled against the NCA in the original 
lawsuit last October. In February Battin then ruled 
against Meridian in its countersuit. 
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RECENT COAL PUBLICATIONS/PATENTS 

RECENT PUBLICATIONS 

The following papers were presented at the Energy Technology Conference "Repowering America' held In 
Washington, D. C. in Februaryx 

Selover, J. C., et al., "Overview of Commercial Gasification Prospects." 

Shorter, V. R., et al., "Texaco Coal Gasification Process: An Electrical Generation Option." 

Waddiil, J. W., et al., "Coal Gasification and the Combined Cycle--A Utility Perspective." 

The following papers were presented at the 13th International Conference on Coal & Slurry Technology, 
held in Denver In April: 

Olofinsky, E. P., "Belovo-Novosibirsk Coal Transportation Pipeline--Prospects of Transportation 
Pipelines and Use of Coal-Water Fuel." 

Antonini, G., et al., 'the Ultracarbofluids," 

Tram, 0., et al., "Preparation of Coal Slurry Fuel from Coal-Oil Agglomerates." 

Meyer, E. C., "Commercialization of the Charfuel Process: Demonstration." 

Hoppe, J. A., et al., "Predictive Behavior of Char and Tar Production at Controlled Conditions." 

Jimenez, E. G., et al., "Combustion Characterization of Orimulsion on a Tangentially-Fired 
Burner." 

Hualfa, W., et al., "High Selective Coal Flotation by Gasification of Hydrocarbon Collector." 

The following papers were presented at the Alternate Energy '88 Conference, held in Napa, California In 
April:

Langhoff, J., "Advances In European Coal Technologies." 

Spencer, D. F., "Emerging Technologies for Power Generation." 

Gray, D,, "Economics of Coal Liquids Revisited." 

Harrison, W., "Liquid Fuels from Great Plains." 

Naude, P., "New Directions in Coal Liquefaction." 

Knoblaueh, K., et at., "Clean Coal Technologies." 

Lawson, R. L., "Coal Alternate Energy." 

The following papers were presented at the 195th American Chemical Society National Meeting and 3rd 
Chemical Congress in North America held in Toronto, Ontario, Canada in June: 

Boehm, F. G., et al., 'the Status of Canadian Energy's Co-Processing Technologies." 

Cugini, A. V., et al., "Novel Dispersed-Phase Catalytic Approach to Coprocessing." 

Lee, L. K,, et al., 'the Behavior of Highvale and Vesta Coals Under Co-Processing Conditions." 

Lenz, U., et al., "Coprocessing - The Hydrogenation of Lignite Together with Residual Oils." 

Chase, J. D., et al.	 "The New Coprocessing Pilot Plant at Canmet's Energy Research 
Laboratories." 

Ikura, Id., et al., "Beneficiatlon of Lignite by Oil Agglomeration as an Integral Part of 
Coprocessing."
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McMillen, D. F., ci al., 'the Chemical Origin of Synergy in Liquefaction and Coprocessing." 

Curtis, C. W., et al., "Evaluation of the Interactive Chemistry of Coal-Petroleum Systems Using 
Model and Actual Reactants." 

Cugini, A. V., at al., "Coal/Oil Coprocesslng: Mechanism . Studies." 

Caygiu, R., ci al., "Interactions In the Extraction Stage of Two-Stage Coprocessing." 

Aulich, T. R., et al., "Coprocessing with Petroleum Resid and Martin Lake Lignite." 

Winschel, R. A., et al., "Stable Carbon Isotope Analysis of Coal/Petroleum Coprocessing 
Products." 

Muehlenbachs, K., et al., "Natural Variations of 13 C Abundance In Coal and Bitumen as a Tool 
to Monitor Co-Processing." 

Wallace,	 S.,	 et al.,	 "Characterization of Reactants and Products in Coal-Petroleum 
Coprocessing." 

Parker, R. J., et al., "Hydrotreating of Coprocessing Derived Liquids." 

Szladow, A. J., et al., "Kinetics of Heavy Oil/Coal Coprocessing Kinetics." 

Miller, R. L., et al., 'tow Severity Co-Processing Using Homogeneous Basic Nitrogen Promoters." 

Schwartz, M. M., et al., "Coprocessing Coal Liquids with Petroleum Heald." 

Fouda, S. A., et al., "Effect of Coal Concentration on Coprocessing Performance." 

Oelert, H. H., et al., "Parameter Evaluation for Coprocessing of Brown Coal and Vacuum 
Residue from Petroleum." 

Khan, M. ft., "Influence of Coal Type and Pyrolysis Temperature on Surface Distribution in 
Products During Devolatiiization." 

Fatemi-Badi, M., et at., "Distribution of Sulfur During Coal Pyrolysis In a High-Pressure, 
Entrained-Flow Reactor." 

Oh, M. S., et at., "Evolution of Sulfur Gases During Coal Pyrolysis." 

Way, J. D., et al., "Separation of CO 2 and H2 Mixtures Using Reactive Ion Exchange 
Membranes." 

Koval, C. A., et al., "Separations of Olefins and Heterocyclic Organic Compounds Based on Re-
versible Complexation Reactions." 

Krishnan, G,, et at., "Removal of Hydrogen Chloride Vapor From High-Temperature Coal Gases." 

Lynn, S., at at., "Removal of H 25 from Coal-Derived Gases." 

Grindley, T., at at., 'the Removal of Impurities from Hot Coal-Derived Gas by Filtration." 

Baker, R. W., et at., "Opportunities for Membrane Separation Processes in Coal Gasification." 

Olson, B. S., et al., "Studies of Catalytic Upgrading of Low-Severity Liquefaction Products 
from Low-Rank Coal.- 

Greaser, U. R,, et al., "Upgrading of Coal Derived On by Integrating Hydrotreatment to the 
Primary Liquefaction Step." 

Ciillo, D. L., at at., "Performance of Hydrous Titanium Oxide-Supported Catalysts in Coal-Liquids 
Upgrading." 

Comolli, A. 0., et al., "Process Options for Extinction Recycle Conversion of Heavy Oils in 
Catalytic Two-Stage Liquefaction."
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Curtis, C. W., at al., "Activity and Selectivity of Molybdenum Catalysts in Coal Liquefaction 
Reactions." 

Moroni, E. C., "Origins and Reactions of Alkyls and Alicanes in Direct Coal Liquefaction." 

Suuberg, E. M., et al., "The Macromolecular Structure of Coal - its Relationship to Diffusion 
and Reaction Processes in Coals." 

Fjnseth, D. H., at al., "Interrelationships Between Coal Analysis, Coal Conversion, and Coal 
Structure." 

Ko, G. II., at al., "Application of First-Order, Single-Reaction Model for Coal Devolatilization 
Over a Wide Range of Heating Rates." 

Britten, J. A., at al., "A Mechanistic Model for A,dsymmetric Cavity Growth During Under-
ground Coal Gasification." 

Hanjalic, K., at al., "Modeling of a High-Temperature Direct Coal Gasification Process in a 
Two-Stream Reactor." 

Moore, P. K., et al., "Continuous Kinetic Lumping for Lignite Liquefaction." 

Nagarajan, ft., at al., "An Equilibrium-Thermodynamic Analysis of Sulfur Release and Capture in 
a Gasification/Combustion Environment." 

Edwards, B. F., at at., "Model of Ash Mass Distributions from Coal Char Oxidation." 

Khan, M. R., "Correlation Between Refractive indices and other Fuel-Related Physical/Chemical 
Properties of Pyrolysis Liquids Derived from Coal, Oil Shale and Tar Sand." 

Chakravarty, T., et al., "Prediction of the Composition of Coal Tars from the Pyrolysis Mass 
Spectra of the Parent Coals Using Canonical Correlation Techniques." 

Javanmardian, M., at al., "Pyrolysis of Compounds Containing Polycyclic Aromatic Moieties." 

Savage, P. E., "Pyrolysis of a Binary Hydrocarbon Mixture: Reaction Modeling." 

Malliotra, R., at al., "Pyrolysis of Coals Loaded with Polycycic Aromatic Hydrocarbons." 

Freihaut, J. D., at at., "Chemical Characteristics of Tars Produced in a Novel Low Severity, 
Entrained-Flow Reactor." 

Huang, G., et al., "Thermal and Kinetic Study of the Mild Pyrolysis of Single Subbituniinous 
Coal Particles." 

Sarin, M. A., at al., "Pyrolysis of the Argonne Premium Coals Under Slow Heating Conditions." 

Deshpande, G. V., at at., "Crosslinking Reactions in Coal Pyrolysis." 

Grant, D. Al., at al., "A Chemical Model of Coal Devolatilization Using Percolation Lattice 
Statistics." 

Timpe, R. C., at al., "The Comparison of a Lignite Char, Subbituminous Coal Char, and a 
Bituminous Coal Char Used in the Reaction with Steam to Produce Hydrogen." 

Aulich, T. R., at al., "Coal Liquefaction Using Deuterium-Labeled Anthracene Oil Solvent." 

Denes, G., at al., "X-Ray Diffraction, Mossbauer Spectroscopic and Electron Microscopic Study 
of Tin "Titanates" Catalysts Used for Coprocessing Mixtures of Coals and Heavy Oils." 

Chawla, B., at al., "Determination of Compound Class Composition of Oil Fractions of Some 
Coal Liquids by Analytical Liquid Chromatography." 

Miller, D. J., et at., "Rapid Evaluation of Reaction Conditions on Coal Pyrolyzates Using 
Coupled Pyrolysis GC/MS."
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The following articles appeared in Energy & Fuels, March/April issue: 

Tomita, A., et al., "TPD Study on 11 2 0-Gasified and 0 2 -Chemlsorbed Coal Chars." 

Chiang, S.-H. et al., "Study of Interfacial Properties in the Liquid CO 2 -Water-Coal System." 

Wheelock, T. D., et at., "Oil Agglomeration of Weakly Hydrophobic Coals and Coal/Pyrite 
Mixtures." 

Wu, M. M., et al., "Low-Temperature Coal Weathering: Its Chemical Nature and Effects on 
Coal Properties." 

Buchanan, D. H., et at., "Effect of Weathering on Solvent Extraction of Coals." 

Satterfield, C. N., et al., "Reactions of Selected 1-Olefins and Ethanol Added During the 
Fischer-Tropsch Synthesis." 

Nishioka, P.1., "Aromatic Sulfur Compounds Other Than Condensed Thiophenes in Fossil Fuels: 
Enrichment and Identification." 

White, C. M., et al., "Formation of Polycydlic Thiophenes from Reaction of Selected Polycydic 
Aromatic Hydrocarbons with Elemental Sulfur and/or Pyrite Under Mild Conditions." 

Mazumdar, B. K., et al., "Coal-Zinc Chloride Reaction: An Interpretation." 

Mazumdar, B. K., "Correlation of Physical and Chemical Properties of Coal Hydrogenation 
Distillates." 

New Technical Reports available from the Electric Power Research Institute Include: 	 - 

Proceedings: 6th Annual EPRI Contractors' Conference on Coal Gasification, AP-5343-SR. 

Fuel Processor Development for Multlmegawatt Fuel Cell Power Plants, AP- 5349. 

ChemCoal Process Development Program, AP-5390 Final Report (RP2655-5, -8). 

Oxygen Plants for Coal Gasification: Experience at the Cool Water GCC Power Plant, AP-5432 
Final Report (RP2221-14). 

Liquefaction Coprocessing: A Study of Critical Variables, AP-5453 Final Report (RP2383-1). 

Coal Pyrolysis for Utility Use, EPRI AP-5045. 

Rheology of Coal-Water Slurries at Elevated Temperatures for Gasification, EPRI AP-5394. 

Demonstration of a High-Efficiency Steam Reformer for Fuel Ccii Power Plant Applications, 
EPRI AP-5319. 

Advanced Air Separation for Coal Gasification-Combined-Cycle Power Plants, EPRI AP-5340. 

Economics of Phased Gasification-Combined-Cycle Plants: Utility Results, EPRI AP-5466-SR. 

COAL - PATENTS 

"Method for Converting Coal to Upgraded Liquid Product," William P. Hettinger, Jr. - Inventor, Ashland Oil Inc., 
United States Patent 4,720,477, January 19, 1988. An 11-coal process hydrogenation operation and catalyst life is 
substantially improved when using colloidal particles of catalyst comprising a colloidal matrix of silica, alumina, 
titania and combinations thereof coated with hydrogenating components selected from cobalt, molybdenum, nickel, 
tungsten and combinations thereof. The colloidal catalyst activity may be altered by alkaline promoters, other 
metals and acidic promoters. 

"Process for the Selective Agglomeration of Sub-Bituminous Coal Fines," Boleslaw Ignasiak - Inventor, Government 
of Canada, United States Patent 4,726,810, February 23, 1988. The process involves adding a low quality oil to 
an aqueous slurry of subbiturninous coal particles to act as a selective agglomerating agent. When the mixture 
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is agitated, as by pumping it through a pipeline loop, the coal particles agglomerate and may later be separated 
from the minerals by screening. The low quality oil used is selected from the group consisting of bitumen, 
heavy oil, and emulsions thereof. In a preferred aspect, a light hydrocarbon diluent, selected from the group 
consisting of kerosene, naphtha, and diesel oil 1 Is added to Improve the agglomeration results. 

"Dual Fuel Injectors," Ian M. Waddell, Jeffrey D. Willis - Inventors, Rolls Royce Ltd. GB, United States Patent 
4,726,192, February 23, 1988. A dual fuel injector for a gas turbine power plant has fuel ducting including gas 
and liquid fuel ducts which can be removed easily for access to a nozzle of the fuel duct. A separate fluid 
ducting assembly is attached in the head of each combustor can and has an annular duct, a passage and drill-
ings. The power plant is started on liquid fuel, and runs subsequently on gas produced in a coal gasifier. The 
flow of air through the duct and passage prevents any unburnt fuel or combustion products from entering the 
gas duct, and the flow through the drillings prevents carbon build up on face of the injector. 

"Process for the Low-Temperature Depolymerizatlon of Coal and Its Conversion to a Hydrocarbon Oil," lkuo Saito, 
Joseph S. Shabtal - Inventors, University of Utah, United States Patent 4,728,418, March 1, 1988. A novel 
process for the low-temperature dcpoiymerization and liquefaction of coal wherein the coal is subjected to se-
quential processing steps for the cleavage of different typbs of interciuster linkages during each processing step. 
A metal chloride catalyst is intercalated In finely crushed coal and the coal Is partially depolymerized under 
mild hydrotreating conditions during the first processing step. In the second processing step the product from 
the first step is subjected to base-catalyzed depolymerization with an alcoholic solution of an alkali hydroxide, 
yielding an almost fully depolymerized coal, which Is then hydroprocessed with a sulfided cobalt molybdenum 
catalyst in a third processing step to obtain a hydrocarbon oil as the final product. 

"Process for the Production of Molten Pig Iron and Steel Pre-Products," Rolf Reek, Werner Kepplinger, Klaus 
Langner, Michael NagI, Gore Pepsi, Leopold Seirlehner - Inventors, Korf Engineering Gmbll DE, Voest-Alpine AKT 
AT, United States Patent 4,728,360, March 1, 1988. A process and an arrangement for the production of molten 
pig iron or steel pre-products from particulate ferrous material as well as for the production of reducing gas in 
a meltdown gasifier. 	 A fluidized bed of coke particles is formed by the addition of coal and the injection of 
oxygen-containing gas. In order to ensure a satisfactory mode of operation of the meltdown gasifier even if 
coal of inferior quality with a high moisture content and a high portion of volatile matter is used, additional 
heat is supplied to the meltdown gasifier above the feed lines for the fluidized-bed-foroting oxygen-containing 
gas by burning and/or degassing coal particles separated from the reducing gas. 

"Device for Carrying Out Gas/Solid Reactions," Ruediger Schirrmacher, Gilbert Semmerau - Inventors, Degussa DE, 
United States Patent 4,722,768, February 2, 1988. Untreated coal is activated with steam at temperatures of 
6000 to 950 0 C in a vibrating fluid bed, which Is directly heated. The untreated coal is pre-dried by counter-
current passage of the waste gases from the reaction either during feeding of the untreated coal or in the first 
part of the vibrating fluid bed trough. During the activation, secondary air can be passed in through a sparge 
pipe which Is arranged parallel to the vibrating fluid bed trough. It is possible to carry out the heating ex-
clusively with the supply of secondary air. 

Coal Gasification Method Using Coal Powder," Kenichi Kikuchi, Tetsuro Mochizuki, Akio Suzuki - Inventors, Nippon 
Kokan K K JP, United States Patent 4,721,514, January 26, 1988. A coal gasification method using coal powder 
introduced along with oxygen or air and steam, Into a reaction chamber, supplies the char produced in the reac-
tion chamber or the char and coal, along with oxygen or air and steam is introduced into a combustion chamber, 
formed in lower part of the reaction chamber and burns in the combustion chamber to maintain the temperature 
therein at about 1,600 0C, and forms the high temperature region of the reaction chamber into an agglomerated 
bed of fluidized coal having a temperature between 900 0 and 1,3000C. 

"Pipeline Transportation of Coarse Coal-Liquid Carbon Dioxide Slurry," Richard W. Hanks, Cltakra J. Santhanam, 
Peter R. SUckles - Inventors, Arthur D. Little, Inc., United States Patent 4,721,420, January 26, 1988. A method 
and composition are provided for transporting coarse particles of coal in a dense liquid CO 2 media. The dense 
media contains fine particles of densifying material such as coal or magnetite which form a suspension in the 
liquid CO 2. The suspension is capable of supporting large particles of coal for transportation in a liquid CO2 
slurry pipeline. Use of the dense media allows the pumping of the coarse coal particles at slower velocities 
than if the fine densifying particles were not present. 

"Comminution of Coal, Ores and Industrial Minerals and Rocks," Geoffrey J. Lyman - Inventor, University of 
Queensland, Australia, United States Patent 4,721,256, January 26, 1988. Crushed particles of coal, ores or in-
dustrial minerals or rocks are comminuted by feeding them through a feeder into a cyclic stream of cryogenic 
process fluid such as liquid carbon dioxide and conducting the process stream with the entrained mineral par-
ticles to a comminuter and through a zone therein of mechanically generated high frequency vibratory energy, 
preferably ultrasonic. The comminuter may be multistage with means for recycling oversize mineral particles and, 
after leaving the comminuter the process stream is conveyed to a separator for extracting the comminuted par-
ticles and recycling the cryogenic fluid to the feeder. The low temperature of the process stream is maintained 
by refrigerating means and losses of the fluid are made up by supplementary fluid fed to the stream. 
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"Hydrogen Generating Method," Prabhakar Kulkarni - Inventor, United States Patent 4,729,891, March 8, 1988. 
Hydrogen generating method and apparatus are disclosed in the preferred and illustrated embodiment. A 
feedstock of methane from heated coal and steam or methane obtained by any other means is delivered into a 
furnace. The furnace (free of oxygen) heats to about 950°F in vacuum conditions, and converts the methane 
Into elemental carbon and hydrogen gas. The preferred embodiment utilizes an inductive furnace for heating. 

"Process for the Direct Reduction of Iron-Oxide-Containing Materials," Konstantin MliionLs, Hermann Pesch, Her-
mann Schneider - Inventors, Voest-Alpine AG AT, United States Patent 4,729,786, March 8, 1988. There is dis-
closed a process for the direct reduction of Iron-oxide-containing materials by a gasification gas produced in a 
gasifier by reacting carbon with oxygen and, if desired, with steam, upon the addition of sulfur acceptors In a 
fluidized bed. The gasification gas is supplied to a direct reduction shaft furnace alter separation of solid par-
ticles carried therewith. At least part of the top gas withdrawn from the direct reduction shaft furnace is 
compressed after dust scrubbing and is recycled to the gasifier. The sulfur acceptors are supplied as fine par-
ticles separated from the coal in cocurrent with, and/or counterflow to, the fluidized-bed forming gases. The 
top gas from the reduction shaft furnace, which has a concentration of from 15 to 30 percent CO 2 and a tem-
perature of from 800 to 800 0C, Is recycled laterally through the wall of the gasifier into the region of the 
fluidized bed, which is maintained at a temperature of at least 1,150 0C. The slag, which is in the molten state 
with the temperature prevailing in the gasifier, containing ashes and sulfur compounds and collecting under the 
formation of a bath, is removed via a tap In the vicinity of the bottom of the gasifier. The solid particles 
separated from the gasification gas are mixed with dust coal having a grain size of up to three millimeters and 
are recycled into the bottom region of the gasifier above the surface of the slag bath. 

"High Pressure Relief Valve," Gerhard Belliustede - Inventor, Veba Gel Entwicklungs-Geselischaft MBII DE, United 
States Patent 4,729,545, March 8, 1988. A high pressure relief valve including a housing, an applied spring as-
sembly, a valve seat with a seat opening, a valve poppet, a valve stem, a C-bracket, and an adjusting drive. 
The valve is intended for pressure relief of liquid hot-separator product which may contain solid components in 
the form of ash, catalyst, and unreacted coal components. The hot-separator product may be, in particular, a 
product of the hydrogenative liquefaction of coal. To obtain improved service life of the parts subject to wear, 
as well as to obtain good control characteristics and a tight valve closure, the valve has the following charac-
teristics: (A) The throttle gap between the valve seat and the valve poppet Is in the form of a surface gap 
between two broad-surfaced (or shallow-surfaced) bodies; (B) an excursion of the valve poppet is produced by 
actuation of the adjusting drive; and (C) the excursion of the adjusting drive is converted into rotary motion of 
a stem nut, which latter motion is converted to a lesser (i.e., geared down) prescribed linear motion of the 
valve stem via an interior screw or worm part. 

"Combined Gas/Steam Power Station Plant," Rolf Kehlhofer - Inventor, BBC Brown Boveri & Company Ltd. CU, 
United States Patent 4,729,217, i.iarch 8, 1988. In a combined gas/steam turbine power station plant with in-
tegrated coal gasification, the gas turbine combustion chamber and auxiliary firing in the exhaust heat steam 
generator are fired with fuel gas from the gas generator with nitrogen from the air separation plant being pre-
viously mixed with the fuel gas. 

"Hydrogen Streams," Alwyn Pinto - Inventor, Imperial Chemical Industries Ltd GB, United States Patent 4,725,381, 
February 16, 1988. A carbonaceous feedstock, e.g., coal or heavy oil, having a low hydrogen to carbon atomic 
ratio is partially oxidized using air, or oxygen enriched or depleted air, to form a crude gas which is subjected 
to catalytic shift and excess steam removal. Carbon dioxide and nitrogen are then removed from the resultant 
raw gas, which has a hydrogen to nitrogen, plus carbon monoxide, volume ratio in the range 0.5 to 1.5 and a 
nitrogen content at least 10 times the carbon monoxide content, in a pressure swing adsorption process thereby 
producing a product gas stream containing at least 50 percent hydrogen and 0.5 to 40 percent nitrogen, by 
volume. The waste gas from the pressure swing adsorption may be catalytically combusted to power a turbine 
driving the compressor for the air or the crude gas. 

"Method for Drying Low Rank Coals," Monroe ri. Greene - Inventor, Western Energy Company, United States 
Patent 4,725,337, February 16, 1988. A process is disclosed for removing a substantial portion of water and im-
purities from low rank coal and peat, whereby an improved coal or peat product (not found in nature) Is ob-
tained. The low rank coal and peat are subjected to a superheated gaseous medium, thereby substantially 
desorbing the moisture from the coal or peat and producing superheated gases. A substantial portion of the su-
perheated gases produced Is recycled back In contact with the coal being dried. Sufficient heat is added to the 
recycled gases, In response to monitoring, so that the recycled gases are maintained in a substantially super- 
heated condition throughout. This process produces a dried, substantially purified product which retains a sub-
stantial portion of its volatile content, which has an improved heat value per unit weight, and which will not 
absorb substantial moisture when stored or transported. In one embodiment, the process utilizes superheated 
steam to initiate the drying process. In another embodiment, that minor portion of the superheated gases In ex-
cess of the original volume not being recycled Is recovered, and the fuel content thereof is used to provide 
energy for reheating the gases being recycled. In yet another embodiment, the processes are maintained at low 
pressures of under approximately 50 inches water column pressure. The process also removes a substantial por-
tion of the impurities such as sulfur, from the low rank coal and peat. The dried product may be cooled, and 
the impurities may be separated therefrom.
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"Process for Producing Molten Pig iron or Steel Pre-Products," Werner Kepplinger - Inventor, Korf Engineering 
CmbH DE, Voest-Alpine Atkiengesellschaft AT, United States Patent 4,725,308, February 16, 1988. There is dis-
closed a process for the production of molten pig iron or of steel pre-products from particulate ferrous material 
as well as for the production of reduction gas in a meltdown gasifier. A fluidized-bed zone is formed by coke 
particles upon the addition of coal and by blowing in oxygen-containing gas by nozzle pipes penetrating the wall 
of the meltdown gasifier. The ferrous material to be reduced Is introduced into the fluidized bed. In order to 
be able to produce molten pig iron and liquid steel pit-products In a direct reduction process with a lower sul-
fur content than has hitherto been the case, without having to make any particular demands on the sulfur con-
tent of the coal used, the ferrous material to be reduced is supplied closely above the blow-in gas nozzle plane 
producing the fluidized bed. An arrangement for carrying out the process includes a meltdown gasifier in which 
charging pipes penetrating its wall are provided in the region of the fluidized-bed zone closely above the plane 
formed by the nozzle pipes. The ferrous material to be melted as well as the dusts separated from the reduc-
tion gas and, if desired, fluxes containing calcium oxide, magnesium oxide, calcium carbonate and/or magnesium 
carbonate are Introduced therethrough. 

"Combined Gas and Steam Turbine Power Generating Station," Konrad Goebel, Hans-Chris Trankenschuh - Inventors, 
Kraftwerk Union AG DE, United States Patent 4,723,407, February 9, 1988. A combined gas and steam turbine 
power generating station includes: a gas turbine part having a gas turbine and a combustion chamber connected 
to the gas turbine; a coal gasifier being connected upstream of the gas turbine part and having a raw gas side; 
a heat exchanger system being connected downstream of the raw gas side of the coal gasifier and including a 
first high-pressure steam generator, a raw gas/pure gas heat exchanger and a low-pressure steam generator; a 
gas purifier being connected downstream of the heat exchanger system and having a pure gas line leading to the 
combustion chamber of the gas turbine part; and a steam turbine power generating station part including a waste 
heat steam generator facility connected to the gas turbine of the gas turbine part from receiving exhaust gas 
therefrom, the waste heat steam generator facility including a second high-pressure steam generator, first heating 
surfaces and a second heating surface connected downstream of the first heating surfaces, the steam turbine 
power generating station part also including a steam turbine having a low-pressure steam feed and a feedwater 
line connected to the steam turbine having at least one first leg feeding the first heating surfaces with given 
pressure and a second leg feeding the second heating surface with pressure lower than the given pressure, and 
the second heating surface being connected as another low-pressure steam generator having an outlet side con-
nected to the low-pressure steam feed. 

"Process for the Selective Removal of Trace Amounts of Oxygen From Gases," Weston W. Haskell - Inventor, Shell 
Oil Company, United States Patent 4,734,273, March 29, 1988. A process is disclosed for selectively sorbing 
trace amounts of oxygen from low molecular weight olefins and inert gases by contacting with high surface area 
particulate coal-derived activated carbon having high ash and moisture content. 

"Method for the Production of Coke," Hartmut Bauer, Dietrich Wagoner, Egmar Wunderlich - Inventors, Didler En-
gineering GmbH DE, United States Patent 4,734,165, March 29, 1988. Coke is produced from coal by coking the 
coal, and optionally by drying and/or preheating the coal prior to coking, and further optionally by dry cooling 
the coke subsequent to coking. At least the coking step is achieved in a pressure tight container which may be 
a transportable or tippable container. The coking step is performed in the container by conducting a gas 
through the container in direct or indirect heat exchange relationship with the coal and forming coke. The 
coking step includes a phase of lump coke formation achieved by heating the coal in a temperature range of 
between approximately 250 0 and 600 0C by indirect heat exchange only. 

"Process for Treating Aqueous Condensate," Jakob Ergezinger - Inventor, Metallgescilschaft AG DE, United States 
Patent 4,731,099, March 15, 1988. Solid fuels are gasified in a fixed bed under a pressure from five to 
100 bars by a treatment with oxygen, water vapor and carbon dioxide. The raw gas from the gasifier is cooled 
so that an aqueous condensate is formed, at least part of which is burnt in a fluidized bed furnace at tempera-
tures in the range from about 750 0 to 1,000°C. The resulting combustion gas contains water vapor and is sup-
plied to the gasifier. The condensate which becomes available as the raw gas is cooled may be treated in a 
separator to remove at least part of its dust and tar contents before the condensate is supplied to the fluidized 
bed furnace. A circulating fluidized bed is preferably maintained in the fluidized bed furnace. 

"Method of Separating Solids by Simultaneous Comminution and Agglomeration," Oiev Trass - Inventor, University 
of Toronto Innovations Foundation CA, United States Patent 4,730,787, March 15, 1988. A process is provided for 
the separation of a solid into its constituent lyophobic and lyophilic components by comminution and agglomera-
tion in liquids to which the two components are respectively iyophobic and Iyophilic. The process has particular 
application in coal beneficiation wherein ash particles are liberated into a water phase and coal particles are 
agglomerated with oil. The operations of comminuting and agglomerating are combined in a single step by per-
forming the process in a mill having positive transport capability. 

"Process and Apparatus for Coal hydrogenation," John A Ruether - Inventor, United States of America Department 
of Energy, United States Patent 4,735,706, April 5, 1988. In a coal liquefaction process an aqueous slurry of 
coal is prepared containing a dissolved liquefaction catalyst. A small quantity of oil is added to the slurry and 
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then coal-oil agglomerates are prepared by agitation of the slurry at atmospheric pressure. The resulting mix-
ture of agglomerates, excess water, dissolved catalyst, and unagglomerated solids Is pumped to reaction pressure 
and then passed through a drainage device where all but a small amount of surface water is removed from the 
agglomerates. Sufficient catalyst for the reaction Is contained in surface water remaining on the agglomerates. 
The agglomerates fall into the liquefaction reactor countercurrently to a stream of hot gas which is utilized to 
dry and preheat the agglomerates as well as deposit catalyst on the agglomerates before they enter the reactor 
where they are converted to primarily liquid products under hydrogen pressure. 

"Pressure-Reducing Spray Nozzle and Use Thereof In a Froth Flotation Method," Bruce C. Stouch, Robert F. Tur-
ner, Jr. - Inventors, Standard Oil Company, United States Patent H000,458, April 5, 1988. An improved spray ap-
paratus for the froth flotation of a liquidsolid slurry, e.g., water-containing coal particulate, Is disclosed. The 
initially high velocity of a spray of the slurry prior to its contacting the surface of liquid in a froth flotation 
cell is significantly reduced through a double deflection arrangement associated with the spray nozzle. 	 This 
reduction In the velocity of the spray results in a more efficient froth flotation process. 

"Durable Zinc Ferrite Sorbent 	 Pellets	 for hot	 Coal Gas Desulfurization," Antonio E. Blandon, Malcolm T. Hepworth, 
Mahesh C. Jha	 -	 Inventors, AMAX Inc., 	 United States	 Patent 4,732,888,	 March 22, 1988.	 Durable,	 porous	 sulfur 
sorbents useful in removing hydrogen sulfide	 from hot coal gas are prepared by water pelletizing a	 mixture of 
fine zinc oxide and fine iron oxide with Inorganic and organic binders and small amounts	 of	 activators such as 
sodium carbonate and molybdeaite; 	 the pellets are dried and then indurated at a high temperature,	 e.g.,	 1,8000C, 
for a time sufficient to produce 	 crush-resistant pellets.
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STATUS OF COAL PROJECTS 

COMMERCIAL AND R&D PROJECTS (Underline deno ges changes since March, 1988) 

ADVANCED COAL LIQUEFACTION PILOT PLANT - Electric Power Research Institute (EPRI) and United States Department 
of Energy (DOE) (C-iS) 

EPRI assumed responsibility for the 6 tons per day Wilsonville, Alabama pilot plant in 1974. This project had been initiated by 
Southern Company and the Edison Electric Institute in 1972. Department of Energy began cofunding Wilsonville in 1976. 

The initial thrust of the program at the pilot plant was to develop the SRC-I process. That program has evolved over the years in 
terms of technology and product state objectives. Kerr-McGee Critical Solvent Deashing was identified as a replacement for filtra-
tion which was utilized initially in the plant and a Kerr-McGee owned unit was installed in 1979. The technology development at 
Wilsonville continued with the installation and operation of a product hydrotreating reactor that has allowed the plant to produce a 
No. 6 oil equivalent liquid fuel product as well as a very high distillate product yield. 

The Wilsonville Pilot Plant was subsequently used to test the Integrated Two-Stage Liquefaction (ML) process. In the two stage 
approach, coal is first dissolved under heat and pressure into a heavy, viscous oil. Then, after ash and other impurities are removed 
in an intermediate step, the oil is sent to a second vessel where hydrogen is added to upgrade the oil into a lighter, more easily 
refined product. A catalyst added in the second stage aids the chemical reaction with hydrogen. Catalytic hydrotreatment in the 
second stage accomplishes two distinct purposes; (1) higher-quality distillable products are produced by mild hydroconversion, and 
(2) high residuum content, donor rich solvent is produced for recycle to the coal conversion first stage reactor. Separating the 
process into two stages rather than one keeps the hydrogen consumption to a minimum. Also, mineral and heavy organic com-
pounds in coat are removed between stages using Kerr-McGee's Critical Solvent Dashing unit before they can foul the catalyst. 

ITSL results showed that 30 percent less hydrogen was needed to turn raw coal into a clean-burning fuel that can be used for gener- 
ating electricity in combustion turbines and boilers. Distiltable product yields of greater than 60 percent MAP coal were 
demonstrated on bituminous coal. Similar operations with sub-bituminous coal demonstrated distillates yields of about 55 percent 
MAP. This represents substantial improvement over single stage coal liquefaction processes. 

More recently, tests at Wilsonville concentrated on testing both types of coals with the dashing step relocated downstream of the 
catalytic hydrotreatment. Results showed that previous improvements noted for the two-stage approach were achievable (no loss in 
catalyst activity). Lower product cost was indicated for this reconfigured operation in that the two reactor stages may be coupled as 
part of one system. The results from the reconfigured  operation also indicated the potential for further improvements in product 
quality and/or productivity through use of the coupled-reactor approach. This was confirmed in the latest test which used a truly 
coupled, two-stage thermal-catalytic reaction system in conjunction with an improved hydrotreatment catalyst. The nickel based 
catalyst (AMOCAT 1-C) was developed by Amoco Corporation, a program co-sponsor. In that test, coal space velocity was in-
creased by 60 to 90 percent over previous operations, while catalyst productivity doubled. Furthermore, an improved configuration 
was developed and proven out, whereby only the net vacuum bottoms are dashed, thereby reducing the equipment size substan-
tially. 

The improved deashing configuration also resulted in additional product recovery attributable to recycling ashy bottoms. For 
bituminous coal, conversion of the incremental product was achieved by adding another catalyst (cobalt-based Amocat 1-A) to the 
first stage reactor, resulting in a 70 percent MAP distillate yield. For subbituminous coal, additional thermal volume was used, 
resulting in a 61 percent MAP distillate yield. Use of the first stage catalyst also reduced the deactivation of the more active second 
stage catalyst. 

Recent results suggest that nickel-based bimodal catalysts can be used in both reactions, thereby allowing the aged catalyst from 
one stage to be cascaded to the other. This can increase operating flexibility and reduce overall catalyst cost. However, additional 
efforts with regards to optimizing catalyst properties was indicated. 

Current work emphasizes identifying potential cost benefits through advantageous feedstock selecting. This includes the use of 
lower ash (Ohio) coal and lower cost (Texas) lignite. The Ohio coal run results su ggest that deep cleaning of the coal prior to li-
quefaction can increase distillate yield by 7-8 percent. 

Project Cost: Construction and operating costs (through calendar 1985): $97 million 

AECI AMMONIA/METHANOL OPERATIONS - AECI LTD. (C-li) 

AECI operates a 100 ton per day methanol facility and a 1,000 ton per day ammonia plant at its Modderfontein works near Johan-
nesburg. The plant uses six Koppers-Totzek two-headed gasifiers operating at 1600 degrees C and atmospheric pressure to gener-
ate synthesis gas from sub-bituminous South African coal of low sulfur and high ash content. The ammonia plant, which utilizes 
conventional technology in the synthesis loop, has been in service since 1974 while the methanol unit, which employs 10's low pres-
sure process, has been running since 1976. The plant is operating very satisfactorily at full capacity. 
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STATUS OF COAL PROJECTS (Underline denotes changes since March 1%8) 

COMMERCIAL AND R&D PROJECTS (Continoed) 

A fluidized bed combustion system has been commissioned at the plant to overcome problems of ash disposal. The proposed sys-
tem generates additional steam, and has reduced requirements for land for ash disposal. 

AECI has successfully completed the piloting of a methanol to hydrocarbons process using Mobil motile catalyst. The design of a 
commercial scale ethylene plant using this process has been completed. 

AECI has also pursued development programs to promote methanol as a mute to transportation fuel. Test programs include 
operation of a test fleet of vehicles on gasoline blends with up to 15 percent methanol, operation of other test cars on neat 
methanol, and operation of modified diesel trucks on methanol containing ignition promoters, trademarked DIESANOL by 
ABC!. DIESANOL' has attracted worldwide interest and is currently being evaluated as a diesel fuel replacement in a number of 
countries. 

AECI has completed a detailed study to assess the economic feasibility of a coal-based synthetic fuels project producing gasoline 
and diesel using methanol conversion technology. The results of this study were encouraging and the second phase of this project 
has now been implemented. This involves an accurate definition of project scope and the preparation of a sanction grade capital 
cost estimate. The project has the potential for recovery of ethylene and other petrochemical feedstocks, co-production of am-
monia and extraction of methanol for development of the methanol fuel market in South Africa. 

Project Cost: Not disclosed 

APPALACHIAN PROJECT - The M. W. Kellogg Compan)r, Bechtel Development Co.; and United States Department of Energy (C-
19)

At the Appalachian Project the applicants will demonstrate an advanced integrated coal gasification combined cycle (10CC) sys-
tem. The project, to be located in Pennsylvania, will feature Kellogg's KRW ash agglomerating fluidized-bed gasification process. 
One KRW gasifier operating in the air-blown mode will convert 485 tons per day of bituminous coal into a low-BTU fuel gas for 
use in an advanced combustion turbine generator. Steam generated from the combustion turbine exhaust and from the gasifier 
heat recovery system will be fed to a steam turbine generator. 

The nominal 60 megawatt demonstration project will feature a hot gas cleanup system which delivers clean fuel gas at 1,000 degrees 
to 1,200 degrees F to the combustion turbine, thus avoiding inefficient lower temperature cleanup processes. This system uses in-
bed desulfurization and a hot-sulfur-removal polishing step consisting of a zinc ferrite sorbent bed. Particulates will be removed by 
a filter. 

The system, if demonstrated as proposed, would be highly efficient with heat rates around 7,800 BTU per kilowatt hour. Various 
sizes of commercial plants can be configured by using the 60 megawatt module that will be demonstrated. Other applications for 
the system are cogeneration and retrofit of combustion turbines and gas-fired combined cycles. 

DOE has agreed to provide cooperative funding for the project under its Clean Coal Technology Program. 

Kellogg, as the managing partner of the project, will design, engineer and procure the ocal gasification plant. Bechtel will construct 
it. Bechtel will also design, procure and construct the power island and supportive offsites. 

Project Cost: Not Disclosed 

BO1TROP DIRECT COAL LIQUEFACTION PILOT PLANT PROJECT - Ruhrkohle AG, Veba Oel AG, Minister of 
Economics, Small Business and Technology of the State of North-Rhine Westphalia, and Federal Minister of Research and Tech-
nology of the Federal Republic of Germany ((>65) 

During operation of the pilot plant the process improvements and equipment components have been tested. The last improvement 
made being the operation of an integrated refining step in the liquefaction process. It worked successfully between late 1986 and 
the end of April 1987. Approximately II,0D0 tons raffinate oil were produced from 20,000 tons coal in more than 2000 operating 
hours. 

By this new mode of operation, the oil yield is increase4 to 58 percent. The formation of hydrocarbon gases is as low as 19 percent. 
The specific coal throughput was raised up to 0.6 tIm Ii. Furthermore high grade refined products are produced instead of crude 
oil. The integrated refining step causes the nitrogen and oxygen content in the total product oil to drop to approximately 100 ppm 
and the sulphur content to less than 10 ppm. 

Besides an analytical testing program, the project involves upgrading of the coal-derived syncrude to marketable products such as 
gasoline, diesel fuel, and light heating oil. The hydrogenation residues were gasified either in solid or in liquid form in the 
Ruhrkohle/Ruhrchemie gasification plant at Oberhausen-Holten to produce syngas and hydrogen. 
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STATUS OF COAL PROJECTS (Underline denotes changes since March 1988) 

COMMERCIAL AND R&D PROJECTS (Continued) 

The development program of the Coal Oil Plant Bottrop was temporarily suspended in April 1987. Reconstruction work for a 
bivalent coal/heavy oil process is in progress. After modification the plant capacity will be 9 tons per hour of coal or alternatively 
24 tons per hour of heavy vacuum residual oil. Recommissioning of the plant is scheduled for the beginning of 1988. 

The project is subsidized by the Minister of Economics, Small Business and Technology of the State of North-Rhine Westphalia 
and since mid-1984 by the Federal Minister of Research and Development of the Federal Republic of Germany. 

Project Cost: DM830 million (by end-1987) 

BRITISH COAL LIQUID SOLVENT EXTRACTION PROJECT - British Coal, British Department of Energy, Euro pean Economic 
Community. Ruhrkohle (C-690) 

British Coal is building a pilot plant utilizing the liquid Solvent Extraction Process, a two-star s ystem for the production of 
gasoline and diesel from coal. In the process, a hot, coal-derived solvent is mixed with coal. The solvent extract is filtered to 
remove ash and carton residue, followed by hydrogenation to produce a syncrude boiling below 300 degrees C as a precursor for 
transport fuels and chemical feedstocks. Economic studies have confirmed that the process can produce maximum yields of 
gasoline and diesel very efficiently. Work on world-wide coals has shown that it will liquefy economically most coals and lignite and 
can handle high ash feed stocks. British Coal is proceeding with the design and construction of a 2.5 tons per day plant at the Point 
of Ayr site, near Holywell in North Wales, financed by the British Coal with support from the European Economic Community. 
Limited private industry and British Department of Energy support is involved. Following a design phase carried out by Babcock 
Woodall-Duckham Ltd., construction started in 1986, with Simon Carves Ltd., being the Main Plant Contractor. 

Project Cost: 18 million British pounds (1986 prices) construction cost plus 18 million British pounds (1986 prices) operating costs. 

BRITISH COAL LOW BTU GASIFICATION PROJECT - British Coal (formerly National Coal Board) (C-700) 

British Coal is developing a spouted fluidized bed gasifier to produce a low, BTU gas. When operated at atmospheric pressure the 
system is aimed at on-site generation of gas for industrial application. A pressurized version is intended for use in a combined 
cycle power generation system where it would be used in conjunction with a fluidized bed combustor. Work is currently centering 
on developing the gasifier for the industrial gas market and the technology is licensed to Otto-Simon Carves. A 12 ton per day 
demonstration plant financed by British Coal and the European Community is being tested. The initial program was completed 
early in 1987. A further two year program supported by the EEC will be completed in 1989. Further assessment of the use of the 
gasifier in a combined cycle power generation system is now being undertaken prior to a decision to embark on pilot scale testing. 

Project Cost: Not disclosed 

BROKEN HILL PROJECT - The Broken Hill Proprietary Company Ltd. (C-75) 

The Broken Hill Proprietary Company limited has been investigating the production of transport fuels from coal via continuous 
hydroliquefaction, since 1976 at their Melbourne Research Laboratories in Clayton, Victoria, Australia. The current continuous 
processing unit was built in 1980, and since 1982 it has been used to study medium severity hydroliquefaction. Routinely the 
primary liquefaction reactor has a throughput of 3 kg slurry per hour, with a coal to oil ratio of 40:60, and employs reaction condi-
tions of residence time on 30 minutes, H 2 pressure ca 25 MPa, and temperature ca 450 degrees C. 

The main objective is to evaluate and develop alternative hydroliquefaction strategies and to test the efficacy of such strategies for 
a small indicative range of Australian coals. The unit is capable of single stage or two-stage operation, and allows for use of dis-
posable catalyst in stage 1 and for recycle of separated solids to stage I, if desired. Currently, oil yields of between 35% and 55% 
daf coal have been obtained, depending on coal feed and process type. 

Batch micro-autoclaves (50 cm3) are used extensively in support of the continuous hydroliquefaction unit. Particular emphasis has 
been placed on matters relating to hydrogen transfer. An in-house solvent hydrogen donor index (SHDI) has been developed and 
has proven to be a valuable tool in process development and control, especially in non-catalytic two-stage hydroliquefaction. The 
research has also been concerned with the upgrading (refining) of product syncrudes to specification transport fuels. Experimental 
studies have included hydrotreating, hydrocracking and reforming, for the production of gasoline, jet fuel and diesel fuel. Jet and 
diesel fuel combustion quality requirements (smoke point and cetane number) have been found to be the most difficult to achieve, 
for coal hydrogenation liquids, and necessitate hydrotreatment of the coal syncrude to an almost totally naturated product. 
Specifications may be readily achieved by blending with petroleum product or by addition of ignition improvers. 

Substantial efforts have been directed towards understanding the chemical basis of jet and diesel fuel specification properties. As a 
result novel insights into the chemical prerequisites for acceptable fuel quality have been gained and are valid for petroleum 
derived materials and for many types of synthetic crudes. Considerable effort has also been directed towards developing 
specialised analytical methodology, particularly via NMR spectroscopy, to service the above process studies. 
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STATUS OF COAL PROJECTS (Underline denotes changes since March 1988) 

COMMERCIAL AND R&D PROJECTS (Continued) 

The work is supported under the National Energy Research Development and Demonstration Program (NERD&DP) adminis-
tered by the Australian Federal Government. 

Project Cost: Not disclosed 

CAN DO PROJECT - Continental Energy Associates (C45) 

Greater Hazleton Community Area New Development Organization, Inc. (CAN DO, Incorporated) built a facility in Hazle 
Township, Pennsylvania to produce low BTU gas from anthracite. Under the third general solicitation, CAN DO requested price 
and loan guarantees from the United States Synthetic Fuels Corporation (SFC) to enhance the facility. However, the SFC turned 
down the request, and the Department of Energy stopped support on April 30, 1983. The plant was shut down and CAN DO 
solicited for private investors to take over the facility. 

The facility is currently being converted into a 100 megawatt cogeneration plant. Gas produced from anthracite coal in both the 
original facility and in new gasifiers will be used to fuel turbines to produce electricity. The electricity will be purchased by the Pen-
nsylvania Power & Light Company over a 20 years period. Steam will also be produced which will be available to industries within 
Humboldt Industrial Park at a cost well below the cost of in-house steam production. 

The project cost for this expansion is $100 million. The Pennsylvania Energy Development Authority authorized the bond place-
ment by the Northeastern Bank of Pennsylvania and the Swiss Bank. 

The new facility will be operated by Continental Energy Associates 

Project Cost: $100 million 

CATERPILLAR TRACTOR LOW BTU GAS FROM COAL PROJECT - Caterpillar Tractor Company (C-90) 

In April 1977, Caterpillar announced plans to construct two, two-stage coal gasifiers at its York. Pennsylvania plant to fuel heat 
treating furnaces. Gas with a heating value equivalent to about 2-2 million standard cubic feet per day of natural gas could be 
produced. The plant is a two-stage, low-pressure system complete with gas cleanup. Plant construction began in September 1977. 
Construction of a gasifier for the East Peoria, Illinois, plant has been deferred indefinitely although the York installation is success-
ful. Plant was completed June 1979, with start-up for debugging in September 1979. Due to an eleven-week strike in the last 
quarter of 1979 and some minor equipment changes that had to be made, debugging was not resumed until May 1980. Tests have 
been run on existing radiant tubes using producer gas with no adverse effect. The system operated from February 1981, until the 
July vacation shut-down. After vacation, the system was started up but later shut down in September 1982 due to reduced produc-
tion schedules. Start-up date is not firm; depends on the price of natural gas and Caterpillar's production schedules. 

Project Cost: $540 million. 

CHEMICALS FROM COAL - Tennessee Eastman Co. (C-150) 

Tennessee Eastman Company, a manufacturing unit of the Eastman Chemicals Division of Eastman Kodak Company, continued to 
operate its chemicals from coal complex at design rates in 1987. The Texaco coal gasification process is used to produce the syn-
thesis gas for manufacture of 500 million pounds per year of acetic anhydride. Methyl alcohol and methyl acetate are produced as 
intermediate chemicals, and sulfur is recovered and sold. 

Project Cost: Unavailable 

COALPLEX PROJECT - AECI (C-190) 

The Coalplex Project is an operation of AECI Chlor-Alkali and Plastics, Ltd. The plant manufactures PVC and caustic soda from 
anthracite, lime, and salt. The plant is fully independent of imported oil. Because only a limited supply of ethylene was available 
from domestic sources, the carbide-acetylene process was selected. The plant has been operating since 1977. The five processes in-
clude calcium carbide manufacture from coal and calcium oxide; acetylene production from calcium carbide and water, brine 
electrolysis to make chlorine, hydrogen, and caustic conversion of acetylene and hydrogen chloride to vinyl chloride; and vinyl 
chloride polymerization to PVC Of the five plants, the carbide, acetylene, and VCM plants represent the main differences be-
tween coal-based and conventional PVC technology. 

Project Cost: Not disclosed
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COCA-I PROJECT - Coal Gasification, Inc. (C-195) 

The COCA-I project has been under development since 1983. The proposed project in Macoupin County, Illinois will consume 
over 1 million tons of coal per year and will produce 500,000 tons of ammonia and 500,000 tons of urea per year. It will use the 
U-Gas coal gasification system developed by the Institute of Gas Technology (JOT). When completed, the COGA-1 plant would 
be the largest facility of its kind in the world. 

Sponsors were in the process of negotiations for loan guarantees and price supports from the United States Synthetic Fuels Cor-
poration when the SFC was dismantled by Congressional action in late December 1985. On March 18, 1986 Illinois Governor 
James It Thompson announced a $26 million state and local incentive package for COCA-i in an attempt to move the $600 million 
Project forward. Potential project sponsors, which include Coal Gasification, Inc., Freeman United Coal Company, and the Nor-
wegian fertilizer firm Norsk-Hydro, are currently working to complete the financing package for the facility. 

Project Cost: $" million 

COLOMBIA COAL GASIFICATION PROJECT - Carbocol (0.199) 

The Colombian state coal company, Cartiocol plans For a coal gasification plant in the town of Amaga in the mountainous inland 
department of Antioquia. 

Japan Consulting Institute is working on a feasibility study on the gasification plant and current plans are to build a Us$10 to 20 
million pilot plant initially. This plant would produce what Carbocol calls 'a clean gas fuel" For certain big industries in Antioquia 
involved in the manufacture of food products, ceramics and glass goods. According to recommendations in the Japanese study, this 
plant would be expanded in the early 1990s to produce urea if financing is found. 

Project Cost: $20 million initial 
$200 million eventual 

COOL WATER COAL GASIFICATION PROGRAM - Participants (Equity Owners): Bechtel Power Corporation, Electric Power 
Research Institute, General Electric Company, Japan Cool Water Program (JCWP) Partnership, Southern California Edison, and Texaco 
Inc.; Contributors: Empire State Electric Energy Research Corporation (ESEERCO) and Sohio Alternate Energy Development Com-
pany (Sohio) (C-220) 

Participants have built a 1,000 tons per day commercial-scale coal gasification plant using the oxygen-blown Texaco Coal Gasifica-
tion Process. The gasification system which includes two Syngas Cooler vessels, has been integrated with a General Electric com-
bined cycle unit to produce approximately 120 megawatts of gross power. The California Energy Commission approved the state 
environmental permit in December 1979 and construction began in December 1981. Plant construction which took only 23 years, 
was completed on April 30, 1984, a month ahead of schedule and well under the projected $300 million budget. A five-year 
demonstration period is underway. Once the first stage (demonstration) of the program is completed in June 1989, Southern 
California Edison has the option to undertake commercial operation of the facility if the economics are favorable and permits for 
continued operations are received. 

Texaco and SCE, which have contributed equity capital of $45 million and $25 million respectively to the effort, signed the joint 
participation agreement on July 31, 1919. The Electric Power Research Institute (EPRI) executed an agreement to participate in 
the Project in February 1980 and their current commitment is $69 million. Bechtel Power Corporation was selected as the prime 
engineering and construction contractor and also executed a participation agreement in September 1980 and have contributed $30 
million to the project. General Electric signed a participation agreement in September 1980. In addition to contributing $30 mil-
lion to the Project, GE supplied the combined cycle equipment. The JCWP Partnership, comprised of the Tokyo Electric Power 
Company, Central Research Institute of the Electric Power Industry, Toshiba CGP Corporation and 1111 Coal Gasification Project 
Corp. signed a participation agreement on Februrajy 24, 1982 to commit $30 million to the Project. ESEERCO and Sohio Alter-
nate Energy Development Company are non-equity, contributors to the project, having signed contributor agreements on January 
20, 1982, and April 10, 1984, respectively committing $5 million each to the Project. A $24 million project loan with a $6 million in-
kind contribution by SCE of facilities at SCE's existing generating station in Daggett, California completes the $263 million fund-
ing. 

A supply agreement was executed with Aim, Inc. on February 24, 1981 for Aimto provide over-the-fence" oxygen and nitrogen 
from a new on-site facility, thus reducing capital requirements of the Project. 

The Project applied to the United States Synthetic Fuels Corporation for financial assistance in the form of a price guarantee in 
response to the SFC's first solicitation for proposals. This was designed to reduce the risks of the existing Participants during the 
initial demonstration period. The Project was not accepted by the SEC because it did not pass the 'credit elsewhere" test (the SEC 
believed sufficient private funding was available without government assistance). However, the sponsors reapplied for a price sup-
port under the SFCs second solicitation which ended June 1, 1982. On September 17,198Z the SFC announced that the project 
had passed the six-point project strength test and had been advanced into Phase II negotiations for financial assistance. On April 
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13, 1983 the sponsors received a letter of intent from the SFC to provide a maximum of $120 million in price supports for the 
project. On July 28, 1983 the Board of Directors of the SFC voted to approve the final contract awarding the price guarantees to 
the project. 

A spare quench gasifier, which has been added to the original facility to enhance the plant capacity factor, was successfully commis-
sioned in April 1985. 

A Utah bituminous coal will be utilized as "the Program" coal and will be burned at all times that the facility is not burning an alter-
nate test coal. The Program could test up to  different coal feedstocks on behalf of its Participant companies. 

Thus far, a 32,000 ton Illinois No. 6 coal test (nominal 3.1 percent weight sulfur), a 21,000 ton Pittsburgh No. 8 coal test (nominal 
2.9 percent weight sulfur), and a 20,000 ton Australian Leminaton hith-ash-fusion-tem perature coal (nominal 03 percent weight 

th!r have been completed. Energy conversion rates and environmental characteristics while running the alternate coals are es-
sentially the same as those observed while bunting the low sulfur Utah bituminous. 

The gasifier was started upon May 7, 1984. On May 20, 1984 syngas was successfully fed to the gas turbine and the first combined 
cycle system operation was accomplished on May 31, 1984. On June 23, 1984 the ten continuous day SFC acceptance test was suc-
cessfully completed and the Program was declared to be in commercial production on June 24, 1984. 

Through April 1988 the gasifier has been on-line for more than 21.900 hours, gasifying over 900,000 tons of coal (thy basis). Ap-
proximately 2.2 billion gross kWh of electricity have been produced. 

The plant is often referred to as "the world's cleanest coal-fired utility plant" with operations data on low-sulfur Utah coal reflect-
ing NOx emissions of 0.07 pounds per million BTU; sulfur dioxide emissions of 001_8 pounds per million BTU (97 percent 
removal), and particulate emissions of 0.001 pounds per million ETU. These emissions average about 10-20% of the allowables 
under the United States Environmental Protection Agency's New Source Performance Standards for coal-fired power plants. 

Project Cost: $263 million 

COREX IRON MAKING PROCESS - Korf Engineering (C-543) 

The Corer, or Kohle Iron Reduction process was developed by Korf Engineering (a Federal Republic of Germany company). The 
process replaces the two-step coke oven/blast furnace approach to producing pig iron from iron ore and metallurgical coal with an 
integrated two component oxygen-blown system capable of operation on a variety of coals. The system consists of an upper 
"reduction shaft" and a lower "melter-gasifier' component. Iron ore, along with an appropriate flux (e.g., limestone), is fed into the 
top of the reduction shaft where it is reduced to sponge iron by the off-gas from the lower melter-gasifier section. The lower sec-
tion is an oxygen-blown fluidized bed coal gasifier. In this section the sponge iron is melted and the resulting pig iron and slag are 
separated and tapped as in a blast furnace. The lm/medium-BTU, sulfur-free off-gases from the process (sulfur is captured by the 
limestone and remains in the slag) are scrubbed to remove particulates and are available for site use. 

The Koble Iron Reduction process has been tested in a 66,000 tons per year pilot plant using a wide range of coals and iron ores. A 
proposed project for the design and construction of a 330, tons (iron) per year demonstration plant at the Weirton Steel plant in 
Weirton, West Virginia was selected by DOE for financial assistance in the Clean Coal Technology Program. However, the project 
was dropped in late 1987 and replaced by a similar project sponsored by the State of Minnesota and USX Corporation. 

A similar plant is under construction for Iscor in South Africa. Commissioning of this plant is planned for early 1988 

Project Cost: Not disclosed 

CRIEPI ENTRAINED FLOW GASIFIER PROJECT - Central Research Institute of Electric Power Industry (Japan) (C-503) 

Japan's CRJEPI (Central Research Institute of Electric Power Industry) has been engaged in research and development on gasifica-
tion, hot gas cleanup, gas turbines, and their integration into an IGCC (Integrated Gasification Combined Cycle) system. 

An air-blown pressurized two-stage entrained-flow gasifier (2.4 tons per day process development unit) adopting a dry coal feed 
system has been developed and successfully operated. This gasifier has been determined to be employed as the prototype of the 
national 200 tons per day pilot plant. The hot gas cleanup system process development unit (EDU) which employs a porous filter 
for dust removal and an iron oxide honeycomb fixed bed for desulfurization was constructed and has been successfully operated. 

Research and development on a 200 tons per day entrained-flow coal gasification pilot plant equipped with hot gas cleanup facility 
and gas turbine has been carried out extensively from 1986 and will be completed in 1993. 
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CRIEPI executed a feasibility study of entrained-flow coal gasification combined cycle, supported by the Ministry of International 
Trade and Industry (MITT) and New Energy Development Organization (NEDO). They evaluated eight systems combining dif-
ferent methods of coal feed (dry/slurry), oxidizer (air/oxygen) and gas cleanup methods (hot-gas/cold-gas). The optimal plant sys-
tem, from the standpoint of thermal efficiency, was determined to be composed of dry coal feed, airblown and hot-gas cleanup 
methods. This is in contrast to the Cool Water demonstration plant, which is composed of coal slurry feed, oxygen-blown and hot-
gas cleanup systems. 

CRII3PI constructed, in 1983, a coal gasification process development unit with a capacity of 2.4 tons per day coal using air-blown 
pressurized two-stage entrained-flow method, and since then has been promoting research and development jointly with Mitsubishi 
Heavy Industries, Ltd. 

As of late 1987, the gasifier had been operated for 1200 hours, and tested on 13 different coals 

For the project to build a 200 tons per day entrained-flow coal gasification combined cycle pilot plant, the electric utilities have or-
ganized the 'Engineering Research Association for Integrated Coal Gasification Combined Cycle Power Systems (IGC) with 10 
major electric power companies and CRIEPI to carry out this project supported by the Ministry of International Trade and In-
dustry and the New Energy Development Organization. 

Basic design and engineering of the pilot plant was started in 1986, and manufacturing and construction will start in 1988. The air-
blown pressurized two-stage entrained-flow gasifier using the dry coal feed system will be constructed with tests to begin in 1989. 
Tests of hot gas cleanup with a high temperature gas turbine having a gas temperature at the combustor outlet of 1,300 degrees C 
will begin in 1990. 

Project Cost: 53 million yen 

DOW SYNGAS PROJECT - Louisiana Gasification Technology, Inc. a subsidiary of the Dow Chemical Company ((>245) 

The Dow Syngas Project began commercial operations in April, 1987, operating at rates up to 90 percent of capacity. As of April  1298 the project has completed 3216 hours on coal. it has oroduced 2873 billion Btu of on-spec syngas and supplied Dow's 
Louisiana Division power plant with syngas for 2729 hours. 

At full capacity, the plant consumes 2,400 tons of coal per day providing 30 billion BTU per day of medium BTU gas. The process 
uses Dow-developed coal gasification technology to convert coal or lignite into medium BTU synthetic gas. 

The process uses a pressurized, entrained flow, slagging, slurry-fed gasifier with a continuous slag removal system. Dow's 
GAS/SPEC ST-1 add gas removal system and Selectox sulfur conversion unit are also used at the Plaquemine, Louisiana, plant. 
Oxygen is supplied by Mr Products. 

Construction of the plant was completed in first quarter, 1987 by Dow Engineering Company. The project is owned and operated 
by Louisiana Gasification Technology Incorporated, a wholly owned subsidiary of The Dow Chemical Company based in Pla-
quemine, Louisiana. 

In this application the Dow Gasification Process and the associated process units have been optimized for the production of syn-
thetic gas for use as a combustion gas turbine fuel. The project received a price guarantee from the United States Synthetic Fuels 
Corporation (now the Treasury Department) which is subject to the amount of gas produced by the project. The amount of the 
price guarantee is based on the market price of the natural gas and the production of the project. Maximum amount of the 
guarantee is $620 million. 

Project Cost: $72.8 million 

DUNN NOKOTA METHANOL PROJECT - The Nokota Company (C-250) 

The Nokota Company is the sponsor of the Dunn-Nokota Methanol Project, Dunn County, North Dakota. Nokota plans to con-
vert a portion of its coal reserves in Dunn County, via coal gasification, into methanol and other marketable products, including 
carton dioxide for enhanced oil recovery in the Williston and Powder River Basins. Planning for the project is in an advanced posi-
tion. $20 million has been spent, and 12 years have been invested in site and feasibility studies. After thorough public and 
regulatory review by the state of North Dakota, air quality and conditional water use permits have been approved. The Bureau of 
Reclamation is scheduled to release the final Environmental Statement in 1987. The Federal Water Service Contract is expected to 
be approved in 1988. Operation of Phase I of the project is scheduled to begin in 1994. 

In terms of the value of the products produced, the Dunn-Nokota project is equivalent to an 800 million barrel proven oil restive. 
In addition, the carbon dioxide product from the plant can be used to recover substantially more crude oil from oil fields in North 
Dakota, Montana, and Wyoming through carbon dioxide injection and crude oil displacement. 
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The Dunn-Nokota plant is designed to use the best available environmental control technology. The impacts which will occur from 
the construction and operation of this project will be mitigated in accordance with sound operating procedures and legal and 
regulatory requirements. At full capacity, the plant will use the coal under approximately 390 acres of land (about 14.7 million 
tons) each year. Under North Dakota law, this land is required to be reclaimed and returned to equal or better productivity follow- 
ing mining. Nokota will be working closely with local community leaders, informing them of the types and timing of socio-
economic impact associated with this project. 

Dunn-Nokota would produce approximately 81,000 barrels of chemical grade methanol, 2,400 barrels of gasoline blending stock 
(naphtha) and 300 million standard cubic feet of pipeline quality, compressed carbon dioxide per day from 40,000 tons of lignite 
(Bculah-Zap bed). 

Additional market studies will determine if methanol production will be reduced and gasoline or substitute natural gas coproduced. 

Existing product pipelines and rail facilities are available to provide access to eastern markets for the project's output access to 
eastern markets for the project's output. Access to western markets for methanol through a new dedicated pipeline to Bellingham, 
Washington, is also feasible if West Coast market demand warrants. 

Construction employment during the six year construction period will average approximately 3,200 jobs per year. When complete 
and in commercial operation, employment will be about 1,600 personnel at the plant and 500 personnel in the adjacent coal mine. 

Nokota's schedule for the project calls for phased construction and operation, with initial construction (site preparation) beginning 
in 1990 and mechanical construction beginning in 1991 on a facility producing at one-half the full capacity. Commercial operation 
of this phase of the project is scheduled for 1994. Construction of the remainder of the facility is scheduled to begin in 1993 and to 
be in commercial operation in 1996. This schedule is subject to receipt of all permits, approvals, and certifications required from 
federal, state, and local authorities and upon appropriate market conditions for methanol and other products from the proposed 
facility. 

Project Cost: 	 $2.2 billion (Phase I and II) 
$0.2 billion (CO2 compression) 
$0.1 billion (Pipeline interconnection) 
$0.3 billion (mine) 

FLASH PYROLYSIS OF COAL 
WITH 

REACflVE AND NON-REACTIVE GASES - Brookhaven National Laboratory and 
United States Department of Energy (C-340) 

The purpose of this program is to perform a systematic generic study on the flash pyrolysis of coal with reactive and non-reactive 
gases. The result of this task is to establish a reliable data base for the rapid pyrolysis of coal over a range of reaction conditions 
which will be useful for development of processes based on these techniques. The yields and distribution of products are being 
performed in an entrained tubular reactor. The independent variables investigated include type of coal, process gas, pressure, tem-
perature and residence time. Other independent variables include coal particle size and gas-to-solid feed ratio. The non-reactive 
gases being investigated include the inert gases, He, N, and Ar chosen for their wide range of physical properties. The reactive 
gases include H CO, 1120 and Cit4 chosen because they are usually produced when coal is pyrolyzed. The light gas and liquid 
analyses are pefformed with an on-line gas chromatograph and the heavier liquids and solids are collected at the end of a run to 
obtain a complete mass balance. The data is reduced, correlated, and applied to a kinetic model. The results indicate that there is 
a correlation of increasing hydrocarbon yields with heat transfer film coefficient depending on the type of gas used. The reaction of 
methane with coal indicated significant increases in benzene and ethylene yields. The process has been termed "flash 
methanolysis.' Work on the program has been completed and a final report written. 

A new program has been initiated on mild gasification of coal to heavy oils and tars at milder process conditions of near atmos-
pheric pressure and temperatures below 750 degrees C. Preliminary experiments have been completed on the tubular reactor with 
a Kentucky No. B bituminous coal using a nitrogen sweep gas. A test matrix has been designed to obtain the process chemistry, 
yields and characterization of liquid product over a wi4e range of temperature (500 to 750 degrees C), coal particle residence time 
(10 sec to 50 min), heatup rate (50 degrees C/sec to 1(' degrees C/sec) coal particle size (50 to 300 microns) and additives (slaked 
lime, recycle ash, silica flour, recycle char). 

Project Cost: $200,000 

FUL.ARJI LOW BTU GASIFIER - The M. W. Kellogg Company and the Ministry of Machine Building Industry of the People's 
Republic of China (C-375) 

Kellogg's KRW gasification process has been selected by the Ministry of Machine Building Industry in the People's Republic of 
China, for application at their First Heavy Machinery Works located in Fulaiji, Heiloniang Province. The gasifier will utilize a lo-
cal lignite coal to produce a medium heating value industrial fuel gas for use at this plant. 
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The First Heavy Machinery Works is the largest heavy machinery plant in Asia. The initial plant was designed and built in the 
mid-1950s and has been expanded several times. Currently the plant employs approximately 17,000 people. 

The Fulaiji plant utilizes a large quantity of fuel gas, primarily for their foundry, heat treating furnaces, etc. A series of 25 Russian 
designed fixed bed gasifiers has been built. 
In March 1986, a contract was signed by Kellogg and the Ministry of Machine Building Industry to construct a KRW gasifier at the 
Fulaiji First Heavy Machinery Works. Once proven, additional fluidized bed gasifiers will be installed to replace all of the existing 
fixed bed gasifiers at the Fulaiji plant. 

The project is envisioned to proceed in two phases. During Phase I, a single lest gasifier will be installed to finalize design 
parameters at full scale and to verify Chinese equipment supply. Phase II would include the installation of additional gasifiers and 
other auxiliary facilities (waste water treatment, etc.). The project is currently in the detailed engineering and procurement phase 
with completion of construction in 1988. This early date will be the first commercial scale operation of Kellogg's KRW gasifier. 

The split of responsibility for Phase I is as follows: 

Kellogg has completed all basic engineering services including process design and analytical engineering, with detailed design 
of the gasifier to permit fabrication and construction by the First Heavy Machinery Works. Kellogg is also providing special-
ized components of the gasifier and instrumentation not available in China and advisory services during construction, startup, 
and testing. 

The First Heavy Machinery Works will complete the detailed design of Phase I (except the gasifier) and will fabricate or 
supply and erect all equipment. The First Heavy Machinery Works will also provide all necessary operating and maintenance 
manpower and materials necessary for startup and test operations. 

Each KRW gasifier at Fularji will produce 140 million BTU per hour of fuel gas with a lower heating value of 144 BTU per stan-
dard cubic foot. A single gasifier operating at a pressure of 300 psig, will produce the fuel gas required for Phase I. 

Project Cost: Not disclosed 

GFK DIRECT LIQUEFACTION PROJECT - West German Federal Ministry for Research and Technology, Saarbergwerke AG, and 
GfK Gesellschaft fur Kohleverflussigung MbH ((>400) 

Until 1984 GFK Gesellschaft fur Kohleverfiussigung MbH, a subsidiary of Saarbergwerke AG, has dealt with the single stage, severe 
hydrogenation, which is still uneconomic due to high hydrogen consumption and high pressure. Furthermore only expensive low 
ash-coals can be processed. 

For this reason since 1984 GfK has conceived a unique process called PYROSOL which can produce liquid fuels at a coal price of 
SUSI per gigajoule competitive to crude oil of $30 per barrel. The PYROSOL process is two-stage, comprising a mild hydrogena-
tion in the first stage followed by pyrolysis of the residue in a second stage. 

At present, activities are directed toward a data base to design a pyrolizer for the 6 tonnes per day liquefaction unit. Data to plan a 
large demonstration plant are expected to be available by the end of 1991. 

Project Cost: Not disclosed 

GREAT PLAINS GASIFICATION PROJECT - United States Department of Energy ((>420) 

Initial design work on a coal gasification plant located near Beulah in Mercer County, North Dakota commenced in 1973. In 1975, 
ANG Coal Gasification Company (a subsidiary of American Natural Resources Company) was formed to construct and operate the 
facility and the first of many applications were filed with the Federal Power Commission (now FERC). The original plans called 
for a 250 million cubic feet per day plant to be constructed by late 1981. However, problems in financing the plant delayed the 
project and in 1976 the plant size was reduced to 125 million cubic feet per day. A partnership named Great Plains Gasification 
Associates was formed by affiliates of American Natural Resources, Peoples Gas (now MidCon Corporation) Tenneco Inc., 
Transco Companies Inc. (now Transco Energy Company) and Columbia Gas Systems, Inc. Under the terms of the partnership 
agreement, Great Plains would own the facilities, ANG would act as project administrator, and the pipeline affiliates of the 
partners would purchase the gas. 

In January 1980, FERC issued an order approving the project. However, the United States Court of Appeals overturned the FERC 
decision. In January 1981, the project was restructured as a non-jurisdictional project with the SNG sold on an unregulated basis. 
In April 1981, an agreement was reached whereby the gas would be sold under a formula that would escalate quarterly according to 
increases in the Producer Price Index and the price of No. 2 Fuel Oil, with limits placed on the formula by the price of other com-
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peting fuels. During these negotiations, Columbia Gas withdrew from the project. On May 13, 1982, it was announced that a sub-
sidiary of Pacific Lighting Corporation had acquired a 10 percent interest in the partnership; 73 percent from ANR's interest and 
23 percent from Transco. 

Full scale construction did not commence until August 6, 1981 when DOE announced the approval of a $2.02 billion conditional 
commitment to guarantee loans for the project. This commitment was sufficient to cover the debt portion of the gasification plant, 
Great Plains' share of the coal mine associated with the plant, an SNG pipeline to connect the plant to the interstate natural gas 
system, and a contingency for overruns. Final approval of the loan guarantee was received on January 29, 1982. The project spon-
sors were generally committed to providing one dollar of funding for each three dollars received under the loan guarantee up to a 
maximum of $740 million of equity funds. 

The project was desi gned to produce an average of 125 million cubic feet per day (based on a 91 percent onstream factor) of high 
BTU pipeline quality synthetic natural gas, 93 tons per day of ammonia, 88 tons per day of sulfur, 200 million cubic feet per day of 
carbon dioxide, potentially for enhanced oil recovery, and other miscellaneous by-products including tar, oil, phenols, and naphtha 
to be used as fuels. Approximately 14,000 tons per day of North Dakota lignite is required as feedstock. 

Since August 1, 1985 when the sponsors withdrew from the project and defaulted on the loan, DOE has been operating the plant 
under a contract with the ANG Coal Gasification Company. The plant has successfully operated throughout this period and 
earned revenues in excess of operating costs. Durin g 1987, the plant produced an avenge of 141.3 MMSCF per calendar day, which 
is 103% of desir capacity. The gas is marketed through a 34 mile long pipeline connecting the plant with the Northern Border 
pipeline running into the eastern United States. 

In parallel with the above events, DOE/DOJ filed suit in the United States District Court in the District of North Dakota 
(Southwestern Division) seeking validation of the gas purchase agreements and approval to proceed with foreclosure. On January 
14, 1986 the North Dakota Court found: 

That state law is not applicable and that plaintiffs (DOE/DOJ) are entitled to a summary judgement for foreclosure. A 
foreclosure sale was held on June 30, 1986, and DOE obtained legal title to the plant and its assests. This decision was 
upheld by the United States Court of Appeals for the Eighth Circuit on January 14, 1987. On November 3. 1987. the 
Supreme Court denied a petition fora writ of certiorari. 

The defendant pipeline companies are liable to the plantiffs (DOE/DOJ) for the difference between the contract price and 
the market value price and granted the motion for summary judgment determining the validity of the gas purchase contract. 
The pipeline companies have paid all past due amounts. This decision was u pheld by the United States Court of Appeals for 
the Eighth Circuit on May 19, 1987. No further opportunity for appeal exists and the decisions of the lower court stands. 

In early 1987 the Department of Energy hired Shearson Lehman Bros. to help sell the Great Plains plant. A request for ex- 
pressions of interest was issued in late 1987, and by the closing date in November 15 organizations indicated an interest in 
bidding on the plant. The DOE is now exchanging further information with the prospective bidders and hopes to conclude a 
sale of the plant before the end of September 1988. 

Project Cost: $2.1 billion 

GREEK LIGNITE GASIFICATION COMPLEX - Nitrogenous Fertilizers Industry SA (AEVAL) (C-430) 

AEVAL, a Greek state-owned company, is planning to replace its lignite gasification and ammonia plants at its existing fertilizer 
complex, near Ptolemais, Greece. 

Following a 5,000 tonne full-scale industrial test of Greek xylitic type lignite conducted by TECHNOEXPORT, a Czech state-
owned company, at an existing gasification plant near Usti Czechoslovakia, TECHNOEXPORT has submitted an offer for the gas 
production part of the complex. The technology offered is a fixed-bed gasification technology. 

AEVAL engaged Lummus Crest Inc. (USA) as a technical and economic consultant in order to conduct a detailed feasibility study 
and evaluate the TECHNOEXPORT proposal. After the completion of the feasibility study, AEVAL has decided to proceed with 
the project on the condition that a financial grant will be obtained under Greece's investment incentive laws and has applied to the 
competent authorities for its approval. 

The final processing scheme selected would produce 380,0 metric tons per year of ammonia of which about 70,000 metric tons 
per year would be sold to a nearby customer and the remaining would be used in the existing fertilizer facilities and in a new 
1,000 metric tons per day urea plant. 

Project Cost: $480 million
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HUENXE COT COAL GASIFICATION PILOT PLANT - Carbon Gas Technology (COT) GmbH, a joint venture of Deutsche 
Babcock AG, Gelsenberg AG, and Manfred Nemitz Industrieverwaltung (C-472) 

COT was established in 1977, with the goal of developing a coal gasification process to the point of commercial maturity and 
economic utilization. The COT coal gasification concept consists of the combination of two principal processes of coal gasification 
in a specially developed reactor. The characteristic feature of the COT Process is the integrated fluidized bed and dust gasification 
stages. The coal is fed into the fluidization zone of the reactor, and fluidized and gasified by the addition of the gasification media 
(steam and oxygen) through side nozzles. The unconverted fines exit the reactor with the 1,000 degrees C hot product gas and are 
separated in a downstream cyclone as coke dust. The hot coke dust is cooled and stored in bunkers. The coke dust is then fed to 
the dust gasification stage at the top of the reactor and gasified with steam and oxygen in a cooled combustion chamber. The 
product gas exiting the combustor at high speed is directed to the fluid bed. The ash melted in the combustor flows down into the 
fluidized bed and is drawn off through the slag outlet. The coupling of a fluidized bed with entrained flow gasification under pres-
sure leads to a higher specific throughput capacity with simultaneously higher efficiency. The production of tar-free product gas at 
the relatively low temperature of the reactor leads to various simplifications in gas purification. 

The overall program for the development of the CGT process consists of three stages. Step 1: (1978-1981)—Planning, construction, 
and management of checkout tests of key components of the technical process. Step 2: (1981-1986)—Planning, construction and 
operation of a 4 tons per hour operating system. Step 3—Demonstration of the process at commercial scale. For the component 
test program, in 1979 a cold flow pressurized fluid bed facility and one for an atmospheric pressure dust gasification stage were 
erected. In 1981, planning began for building a 4 ton per hour test facility for a multi-stage CUT gasification process. The process 
design was agreed to in September 1982 and construction of the facility was completed on schedule in mid-1983. The component 
test facility and the 4 tons per hour pilot plant were erected at the site of the BP Ruhr refinery at Huenxe. The test work comprises 
a conceptual test program to the end of 1986. After bringing the facility on line and operating the combined fluidized bed with 
entrained flow gasification, the complete working of the test facility with a reference coal will be carried out over the entire operat-
ing range. In the following test phases the suitability of different feed coals will be checked out. In connection with the systematic 
test program, gasification tests with client coals for specific applications are planned. 

Project Cost: Not disclosed 

HYDROGEN FROM COAL PILOT PLANT - Research Association for Hydrogen from Coal Process Development (Japan) (C-504) 

In Japan, the New Energy Development Organization (NEDO) has promoted coal gasification technologies based on the fluidized 
bed. These include the HYBRID process for high-BTU gas making and the tow-BTU gas making process for integrated combined 
cycle power generation. NEDO has also started to develop coal gasification technology based on a multi-purpose coal gasifier for 
medium-BTtJ gas. 

The multi-purpose gasifier was evaluated as a key technology for hydrogen production, since hydrogen is the most valuable among 
coal gasification products. NEDO decided to start the coal-based hydrogen production program at a pilot plant beginning in fiscal 
year 1986. Operation is planned to begin in fiscal year 1990. 

The key technology of this gasification process is a two-step spiral flow system. In this sytem, coal travels along with the spiral flow 
from the upper part towards the bottom because the four burner nozzles of each stage are equipped in a tangential direction to 
each other and generate a downword spiral flow. As a result of this spriral flow, coal can stay for a longer period of time in the 
chamber and be more completely gasified. 

In order to obtain a higher gasification efficiency, it is necessary to optimize the oxygen/coal ratio provided to each burner. That 
is, the upper stage burners produce reactive char and the lower stage burners generate high temperature gas. High temperature 
gas keeps the bottom of the gasifier at high temperature, so molten slag falls fluently. 

The specifications of the pilot plant are as follows: 

- Coal processing capacity 
- Pressure 
- Temperature 
- Oxidant 
- Coal Feed 
- Slag Discharge 
- Refractory Lining

20 ton per day 
1.0 MPa 
liOO to 1,800 degrees C 
Oxygen 
Dry 
Slag Lock Hopper 
Water-cooled slag coating 

The execution of this project is being carried out by the Research Association for Hydrogen from Coal Process Development, a 
joint undertaking by nine private companies, and is organized by NEDO. Additional researches are also being conducted by 
several private companies to support research and development at the pilot plant.
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JAPANESE BITUMINOUS COAL LIQUEFACTION PROJECT - New Energy Development Organization (NEDO) (C-SOS) 

Basic research on coal liquefaction was started in Japan when the Sunshine project was inaugurated in 1974, just after the first oil 
crisis in 1973. NEDO assumed the responsibility for development and commercialization of coal liquefaction and gasification tech-
nology. NEDO plans a continuing high level of investment for coal liquefaction R&D, involving two large pilot plants. The con-
struction of a 50 tons per day brown coal liquefaction plant was completed in December 1986 in Australia, and a 250 tons per day 
bituminous coal liquefaction plant is planned in Japan. 

The pilot plant in Australia is described in the project entitled "Victoria Brown Coal Liquefaction Project." The properties of 
brown coal and bituminous coal are so different that different processes most be developed for each to achieve optimal utilization. 
Therefore, NEDO has also been developing a process to liquefy sub-bituminous and low grade bituminous coals. NEDO had been 
operating three process development units utilizing three different concepts for bituminous coal liquefaction: solvent extraction, 
direct liquefaction, and solvolysis liquefaction. These three processes have been integrated into a single new process, so called 
NEDOL Process, and NEDO has intended to construct a 250 tons per day pilot plant. 

In the proposed pilot plant, bituminous coal will be liquefied in the presence of activated iron catalysts. Synthetic iron sulfide or 
iron dust will be used as catalysts. The heavy fraction (-538 degrees C) from the vacuum tower will be hydrotreated at about 350 
degrees C and 100-150 atm in the presence of catalysts to produce hydrotreated solvent for recycle. Consequently, the major 
products will be light oil. Residue-containing ash will be separated by vacuum distillation. 

Detailed design of the new pilot plant has been completed. It is expected that the pilot plant will start operation in 1991. 

Project Cost: 100 billion yen, not including the three existing PDU 

KANSK-ACHINSK BASIN COAL LIQUEFACTION PILOT PLANTS - Union of Soviet Socialist Republics ((>495) 

The Soviet Union is building a large coal-based project referred to as the Kansk-Achinsk Fuel and Energy Complex (KATEK). 
The project consists of a very large open pit mine (the Berezovskiy-1 mine), a 6,400 megawatt power plant, and a coal liquefaction 
facility. Additionally, the small town of Sharypovo is being converted into a city with new schools, stores, housing, and transporta-
tion. 

A pilot plant referred to as an ST-75 installation is being built at KA'I'EK to test a catalytic hydrogenation process. Construction of 
the unit began in 1982. Start up of the unit was originally planned for 1984, but has been postponed to 1985 due to equipment 
design and delivery delays. Preliminary tests indicate that five tons of Kansk-Achinsk brown coal can produce one ton of liquid 
products at a cost that is 25 to 30 percent less than products that are refined from crude oil from remote Siberian regions. 

Additionally, a second unit referred to as the E1'Kh-175 is being built to test rapid pyrolysis of brown coal from the Borodinskoye 
deposit. The test unit will have a capacity of 175 tons of coal per hour. The process will produce coke, tar, and combustible gases. 
Construction of the unit was completed in December 1983, and testing using inert materials began in the Spring of 1984. However, 
a facility to convert the coal tar into fuels and chemicals has not been built. Therefore, the tar will be burned as fuel in the adjacent 
utility. 

A third experimental coal liquefaction unit, ST-5, is under construction at the Belkovskaya mine of the Novomoskovslc Coal As-
sociation. The unit is intended to demonstrate a relatively low pressure hydrogenation process that reportedly operates at ap-
proximately 1,500 psig and 400 degrees C. A catalyst is used in the process to enhance the hydrogenation of coal into high octane 
gasoline. The liquid and solid are separated, and the solids are combusted to recover the catalyst. Startup of ST-5 was to occur in 
1984. 

Project Cost: Not disclosed 

K-FUEL COMMERCIAL FACILITY - Energy Brothers Inc. (C-SiB) 

Energy Brothers, licensor of the K-Fuel process, is building a plant located next to the Fort Union Mine near Gillette, Wyoming. 
The plant will use the process invented by Edward Koppelman and developed further by SRI International. In the K-Fuel process, 
low-grade coal or peat is dried and mildly pyrolyzed in two coupled reactors that operate at elevated temperatures and at a pres-
sure of 800 psi. The process produces a pelletized coal, and by-product water and fuel gas. K-Fuel pellets contain 60 percent more 
energy (approximately 27 million BTU per ton) and 40 percent less sulfur than the raw coal. The fuel gas from the process is util-
ized on site to provide the needed heat for the process. The proposed facility will utilize 4 modules each capable of producing 
350,ODO tons per year of K-Fuel. Wisconsin Power and Light has agreed to a 10-year purchase agreement for "a substantial portion" 
of the output of the plant. The K-Fuel will be tested at Wisconsin Power and Light's Rock River generating station near Beloit in 
south-central Wisconsin. For the test Wisconsin Power and Light will purchase the fuel at the cost of production, which has yet to 
be determined but is estimated to be over $30 per ton. If the test is successful, Wisconsin Power and Light has the option to invest 
in the process. The project has been delayed in obtaining long-term financing, but plans to resume construction in late 1987. 
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Wisconsin Power and Light is interested in burning K-Fuel to eliminate the need to install expensive equipment to reduce sulfur 
emissions from the power plant. The upgraded coal is also less expensive to ship and store due to its improved heating value. 

Project Cost: $90 Million 

KILnGAS PROJECT - Allis-Chalmers, KILnGAS R & D, Inc., State of Illinois, United States Department of Energy, Electric Utility 
participants are: Central Illinois Light Company, Electric Power Research Institute, Illinois Power Company, Monongahela Power Com-
pany, Ohio Edison Company, The Potomac Edison Company, Union Electric Company, West Penn Power Company (C-520) 

The KILnGAS process is based on Allis-Chalmer's extensive commercial experience in rotary kiln, high temperature minerals 
processing. A 600 tons per day KILnGAS Commercial Module (KCM) has been installed near East Alton, Illinois adjacent to Il-
linois Power's Wood River Power Station. The plant provides low-BTU (160 BTU per standard cubic foot) gas to the Wood River 
station. Gilbert/Commonwealth Associates, Inc., was the architect-engineer. Construction management was provided by J.A. Jones 
Construction. Scientific Design contributed to the process design. 

The KCM includes a pressurized gasifier which is a 170 fool long by 12 foot diameer rotary kiln. Coal, transported through the 
gasifier by inclination and rotation of the kiln, is progressively dried, pit-heated, and devolatilized by counterfiowing hot gases. Air 
and steam is injected through a unique system of ports located along the length of the gasifier and reacts chemically with carbon in 
the hot coal to form hydrogen and carbon monoxide, the primary combustibles in low-BTU gas. The gas, which leaves by both the 
feed and discharge end of the gasifier, is cooled and passed through a sulfur removal process. Particulates and tars, which are rich 
in carbon, are separated from the gas and recycled to the gasifier to improve carbon conversion efficiency. 

The objectives of the KILnGAS program are: (1) demonstrate system performance in a utility environment; (2) obtain data to con-
firm process design; (3) utilize KCM operating data to forecast commercial gas generation costs; and (4) establish a data base to 
proceed with design of commercial plants in the 2,000 to 5,000 tons per day range. The KCM, for which construction was com-
pleted in mid-1983, is used to support these objectives. 

Spanning a period from mid-1983 through late 1985, the KCM underwent performance testing, demonstration runs. In 1986 the 
first phase of a Reliability, Availability, and Maintainability Program, (RAM I) was launched. This program is continuing with 
utility and DOE financial support. The more significant accomplishments to date are: (a) high-sulfur Illinois coal has been success-
fully gasified; (b) an Illinois Power Company boiler has been successfully fired from KCM-generated gas; (c) carbon conversion ef-
ficiencies exceeding 90 percent have been achieved; (d) an avenge of 90 percent total sulfur removal has been accomplished; (e) a 
wide range of performance, reliability, availability and maintainability improvements has been designed, installed, commissioned; 
(f) excellent winter startup and cold weather operating experience under RAM I has been gained for commercial design use. 

Economic studies extrapolating experience to 400 NW 10CC plants show performance potnetials in the 8,000 Btu/kW-hr range 
with "base plant" capital costs near $1,000 per kW. Significant advantages are believed to be gained from being able to operate on 
gas turbine bleed air rather than having to employ pure oxygen from a captive oxygen plant. 

Total fundings for the program through RAM IIB is shown below 
Electrical Utility	 $46.0 million 
State of Illinois	 35.8 million 
Allis-Chalmers	 114.4 million
United States Department of Energy 17.7 million 
EPRI (testing only) 	 5.8 million 

Total	 $219.7 million 

KRW ENERGY SYSTEMS INC ADVANCED COAL GASIFICATION SYSTEM FOR ELECTRIC POWER GENERA-
TION - The M.W. Kellogg Co., United States Department of Energy, and Westinghouse Electric (C-980) 

In April 1984 Westinghouse sold controlling interest in the Synthetic Fuels Division and its coal gasification technology to Kellogg 
Rust Inc.; the new name is KRW Energy Systems Inc. DOE awarded a $27 million contract to KRW Energy Systems to fund con-
tinued development of the KRW coal gasifier. KRW is contributing $6.7 million to the 32-month effort, which is being conducted 
largely at the Waltz Mill test facility southeast of Pittsburgh, Pennsylvania. The present program will focus on linking the 25 tons 
per day gasifier to an advanced hot gas cleanup system for applications to integrated coal gasification combined cycle power genera-
tion. The hot gas cleanup technology being tested is a process developed at DOE's Morgantown Energy Technology Center using 
regenerable zinc ferrite to absorb hydrogen sulfide. Other components of the program include a study of hot particulate removal 
and in-bed sulfur removal by injecting limestone. 

The KRW coal gasification pilot plant, located at the Waltz Mill Site near Pittsburgh, Pennsylvania has been in operation since 
1975 and has accumulated more than 10,000 hours of hot operation with a broad range of coals. The range of coal types includes 
highly caking eastern bituminous, western subbituminous, and lignites, high ash and low ash, high moisture and low moisture. 
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The pilot plant utilizes a single stage fluidized bed gasifier with ash agglomeration and hot fines recycle. The pilot gasifier is 
operated at temperatures between 1,550 degrees F and 1,950 degrees F and pressures between 130 psig and 230 psig, with air feed 
to produce low-B'FU gas and oxygen feed to produce medium-BTU gas. Pilot plant coal capacity ranges between 20 and 35 tons 
per day, depending on coal type. 

Several commercial demonstration projects are currently being evaluated for application of the KRW coal gasification system to 
various industrial and utility applications. Included is the Appalacian Project which is to be located in western Pennsylvania involv-
ing a coal gasification combined cycle facility. The first commerical-scale operation of KRW gasification will take place in the 
Peoples Republic of China at Fulaiji in northeast China. (See the Fularji Low-BTU Gasifier project). 

Project Cost: Not disclosed 

LAPORm LIQUID PHASE METHANOL SYNTHESIS - Air Products & Chemicals, Chem Systems Inc., Electric Power Research 
Institute, and United States Department of Energy (C-550) 

Air Products is testing a 5 tons per day PDU located near LaPorte, Texas. The unit is being run as part of a program sponsored by 
the DOE and will be used to evaluate the liquid phase methanol synthesis technology developed by Chem Systems. In the process, 
synthesis gas is injected in the bottom of a reactor filled with light oil in which a methanol synthesis catalyst is suspended. The oil 
acts as a large heat sink, thus improving temperature control and allowing the use of more active catalysts and/or a more con-
centrated synthesis gas. 

Additionally, a wider range of synthesis gas compositions can be used, thereby allowing the use of low hydrogen/carbon ratio gases 
without the need for synthesis gas shift to produce more hydrogen. While the technology is particularly suitable to syngas derived 
from coal, the concept will be tested initially using hydrogen and carbon monoxide produced from natural gas. 

In spring 1985, the liquid phase methanol PDU located near LaPorte, Texas was started, with the initial objective of a 40 day con-
tinuous run. During the run, the LaPorte unit was operated under steady-state conditions using carbon monoxide-rich gas repre-
sentative of that produced by advanced coal gasifiers. During the run, the plant achieved a production rate of up to 8 tons per day 
with a total production of approximately 165 tons of methanol (50,000 gallons). The plant, including the slurry pump and a spe-
cially designed pump seal system, operated very reliably during the run. 

A 10-day test in July 1985 was conducted at higher catalyst concentrations (35 to 45 weight percent). The unit was operated with 
balanced gas for I day, and carbon monoxide-rich gas for 9 days. The PDU demonstrated excellent operability with 100 percent 
on-stream reliability, but catalyst activity maintenance was somewhat lower than laboratory predictions. 

Additional laboratory research is currently underway, while operation of the unit is expected to begin again in 1988. 

The next step is scale-up to a larger unit. 'IVA's facility at Muscle Shoals, Alabama, where actual synthesis gas from a Texaco 
gasifier could be used, is a potential host site. 

Project Cost:	 DOE $25.6 million 
Private participants: $3.8 million 

LFC COAL LIQUEFACTION/COGENERATION PLANT - SCI International (C-557) 

SCI International is developing a 35 megawatt electric cogeneration and coal liquids production facility to be located near Colstrip, 
Montana. This facility is designed to utilize the Liquids from Coal (LFC) process, developed by SCM International. An 
LFC/cogeneration plant consists of an electric generation unit combined with LFC process equipment in one cogenerating system. 

According to the developers, SQl's LFC process is an adaptation of existing reliable equipment and utilization of state-of-the-art 
technology. Compared with other coal conversion processes where high temperatures and pressures are required, the Lit process 
operates at low pressures and less severe thermal process conditions, some of which require only low-grade and medium-grade heat 
(140 to 600 degrees F). In the system, the electric generation unit supplies waste heat to meet these LFC process thermal loads, 
while the solid waste by-products from the LFC process are used to fuel the electric generation unit. 
SGI has obtained a long-term (35 year) power sales agreement with Montana Power Company. The estimated project cost is 
$723 million. SGI International is currently working to obtain a contractor to perform the design and construction of the LFC 
Cogeneration Plant. Site work is scheduled to commence in the spring of 1988 with the entire facility complete by late-1989. Once 
in full operation, the facility will employ a staff of 35 to 40. 

Project Cost: See above
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Lll)IAZ COAL-TO-METHANOL PROJECT - Kropp Koppers and KOPEX (C-568) 

Erection of a coal gasification project in Poland is to resume in 1988. The plant is to be built by Krupp Koppers at Libiaz in 
southern Poland. Equipment for the plant has been stored at Ubiaz for several years. The project, which began in 1980, has been 
stalled due to 'political difficulties' in Poland. 

The Libiaz project will reportedly use approximately 1 million metric tons per year of high sulfur coal. Synthesis gas produced by 
the Koppers-Totzek (KT) technology will be utilized to produce methanol. 

Project Cost: Not disclosed 

LULEA MOLTEN IRON COAL GASIFICATION PILOT PLANT - KHD Humboldt Wedag AG and Sumitomo Metal In-
dustries, Ltd (C-580) 

lU-ID and Sumitomo have agreed to jointly build and operate a 240 tonnes per day pilot plant to test the molten iron coal gasifica-
tion processes independently developed by both companies. Construction of the pilot plant was completed in Lulea, Sweden at the 
country's steel research center in mid-1985, with operation scheduled to last through 1987. 

The pilot plant will be designed for operation at pressures up to 5 atmospheres. In the process, pulverized coal and oxygen are in-
jected into a bath of molten iron at temperatures of 1,400 to 1600 degrees C. Potential advantages of the technology include simple 
coal and oxygen feed controls and low carbon dioxide production. 

Project Cost: Not Disclosed 

LU NAN AMMONIA-PROM-COAL PROJECT - China National Technical Import Corporation (C-Sal) 

The China National Technical Import Corporation awarded a contract to Bechtel for consulting services on a commercial coal 
gasification project in the People's Republic of China. Bechtel will provide assistance in process design, design engineering, 
detailed engineering, procurement, construction, startup, and operator training for the installation of a Texaco gasifier at the 
200 metric tons per day Lu Nan Ammonia Complex in Tengxian, Shandong Province. When completed in September, 1989, the Lu 
Nan modification will replace an obsolete coal gasification facility with the more efficient Texaco process. 

Project Cost: Not Disclosed 

MILD GASIFICATION PROCESS DEMONSTRATION UNIT - United Coal Company and United States Department of Energy 
(C-622) 

United Coal Company's Research Division, UCC Research Corporation has built a Mild Gasification Process Demonstration Unit 
at its research center in Bristol, Virginia. The unit is capable of processing 1 ton per day of coal or coal waste. Under the sponsor-
ship of the United States Department of Energy (DOE), UCC has developed a process that is primarily aimed at recovering the 
energy value contained in wastes from coal cleaning plants. To utilize this waste, UCC developed a mild gasification/coal liquid ex-
traction process. 

Work under Phase I of the Mild Gasification Process Demonstration program is now complete in all areas. Phase II continues un-
der the sponsorship of the U. S. Department of Energy/Morgantown Energy Technology Center involving further development of 
the process with concentration on a variety of coal feedstocks rather than coal waste. The two year program will undertake the fol-
lowing:

Developing a more detailed test plan for conducting in-depth optimization tests of the Mild Gasification Process. 

Conducting the extensive test program to optimize the operation of the Mild Gasification Process and producing significant 
quantities of coal liquids and char. 

Testing char and char/coal blends for use in industrial/utility boilers, 100 percent char in stoker boilers, and for use to re-
place or extend coke in blast furnaces. 

Evaluating the coal liquids as a home heating fuel. 

Distilling the coal liquids into fractions with boiling ranges approximately those for gasoline, diesel oil, and heavy oil to 
determine which fractions may be best suited for commercial applications.
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The process demonstration unit will undergo a modification phase initially to enhance the overall unit performance. Modifications 
to the condensing system, reactor tubes, furnace, and coal feed system are planned. Upon completion of this phase, an expanded 
optimization program will be initiated. Product testing and economic assessments will be expanded as the unit production 
capability and operating efficiency is fine tuned. 

Project Cost: Not disclosed 

MONASH HYDROLIQUEFACI'ION PROJECT - B? United Kingdom Ltd. and Monash University (C-665) 

The Chemistry, Chemical Engineering, and Physics Departments at Monash University at Clayton, Victoria are conducting a major 
investigation into hydroliquefaction of Victorian brown coal. Both batch autoclave studies and continuous hydrogenation in a 
bubble column and a stirred tank reactor are being conducted. 

OP United Kingdom Ltd. is continuing to fund for an additional two years a collaborative research project with Monash University 
on brown coal conversion using synthesis gas. Substantial funding for the continuous flow research has been provided by the 
Australian Government's National Energy Research, Development and Demonstration Council. The batch autoclave work has 
been largely supported by the Victorian Brown Coal Council. 

Batch autoclave studies have established that Victorian brown coal ion-exchanged with iron- or tin-salt solutions shows enhanced 
activity For hydrogenation in tetralin compared with untreated coal. The Monash studies show that a mixed metal catalyst system, 
which is predominantly iron-based with trace amounts of tin, displays a significant synergistic effect when compared with 
hydrogenation results for experiments using only iron- or tin-based catalysts of comparable metal concentrations to the mixed 
metal system. Mossbauer studies are helping to understand the role of iron and tin in the early stages of reaction. Other mixed 
metal systems, some with an iron base, are also showing good catalytic activity. The studies have now been extended to the use of 
coal-derived solvents rather than tetralin. 

The continuous bench-scale bubble-column and stirred tank reactor facility has been successfully operated at 1 t 2 liters per hour 
of coal slurry using tetralin as the vehicle solvent in the presence of hydrogen gas. This unit is providing data on the effects of tem-
perature, residence time, and catalytic treatment on coal conversion and product yields, together with providing reasonable quan-
tities of products for further studies. Coupling of the two reactors in series has been achieved and conversion studies began in 
coal-derived solvents other than tetralin. Mathematical modelling of the process has also proved successful. 

Project Cost: $1.8 million (Australian) since commencement 

MOUNTAIN FUEL COAL GASIFICATION PROCESS - Ford, Bacon & Davis; Mountain Fuel Resources, Inc.; United States 
Department of Energy (C-670) 

The sponsors constructed a process development unit for research and development on components of a high temperature, oxygen 
blown, entrained flow gasifier. The gasifier operates at slagging temperatures (about 2,800 degrees F), and 300 psig. The plant 
produces 2 million cubic feet per day of 300 BTU gas. Both radiant and convective heat exchangers are used to recover heat from 
the process. 

An $8.9 million, 52 month cost-sharing contract was awarded. Construction was completed in October and start-up tests started in 
November 1982. The unit has been running on coal since February 1983, conducting component and process evaluation tests. Coal 
variation tests, sustained operation tests, and all experimental works were completed in November 1984. The project was com-
pleted and the final report issued to DOE in April 1986. 

Project Cost: $8.9 million 

NATIONAL SYNFUELS PROJECT - Elgin Butler Brick Company and National Synfuels Inc. (C-705) 

The NSI gasifier has been installed at Elgin Butler Brick Company's brick making plant in Elgin, Texas. Production of 30 million 
BTU per hour low-BTU gas is expected from lignite feedstock. NSI technology uses a multi-stage gasifying process, physically 
segregating steps for fuels dryingjdevolatilization, char gasification, and thermally cracking pyrolysis tars and oils. The gasifier was 
to start up during April 1984, with full operation anticipated by year end. However, a number of mechanical problems prevented 
full startup in 1984. Recent tests and operation indicate 150 BTU per standard cubic feet gas can be available. Further develop-
ment is still in progress. 

Project Cost: $2 million
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NEW MEXICO COAL PYROLYSIS PROJECT - Energy Transition Corporation (C-710) 

Energy Transition Corporation (ETCO) has proposed a coal pyrolysis project to be built in northwest New Mexico. The proposed 
plant would use Union Carbide's hydrocarbonization pyrolysis process to convert 20,000 tons per day of coal into crude oil and 
char. Coal for the project would be supplied by Utah International's Navajo Mine, and product char would be used at nearby 
electric power generation plants. A study conducted by ETCO for the New Mexico Energy Research and Development Institute 
indicated the plant would achieve a favorable economic return at $2830 per barrel for product oil and $1.25 per million BTU for 
coal/char. 

Tests using the Navajo coal were conducted in a modified synthane PDU operating at hydrocarbonization conditions at DOE's Pit-
tsburgh Energy Technology Center during January 1985. EFCO is seeking additional equity partners for the project. 

Project Cost: $770 million 

NYNAS ENERGY CHEMICALS COMPLEX - AGA, A. Johnson & Company, and the Swedish Investment Bank (C-754) 

A group of Swedish companies has agreed to build a coal-based ammonia plant in Sweden. The Nynas Energy Chemicals Complex 
(NEX) will utilize the Texaco coal gasification process to produce synthesis gas for ammonia production. Initially, the facility will 
produce 250,000 to 350,000 tonnes of ammonia per year, hot water for the Southern Stockholm district heating system, and in- 
dustrial gases (oxygen, nitrogen, and argon). Also, Nynex Petroleum's refinery in Nynashamn will switch to fuel gas from NEX. In 
the wintertime part of the gas will be used for power generation. The plant is scheduled to go on stream in 1991. 

Participants in the project are: AGA, the Swedish industrial gas group; A. Johnson and Company, a privately-owned Swedish trad-
ing and industrial group; and the state-owned Swedish Investment Bank. 

The Investment Bank, AQA and Johnson are equal partners in a new company, Nynex Kombinate AB, which will own jQQ percent 
of NEX. AGA will build on their own the air separation plant for the facility. 

Project Cost: US$500 million 

OHIO-1 COAL CONVERSION PROJECT - Energy Adaptors Corporation, Hoechst-Uhde Corporation, and Wentworth Brothers 
Incorporated (C-756) 

Energy Adaptors Corporation, Hoechst-Uhde Corporation, and Wentworth Brothers Incorporated originally proposed a project to 
produce energy-grade methanol (METHYL FUEL) and anhydrous ammonia. In mid-1986 the project was re-designed to produce 
300,0(0) gallons per day of an octane enhancer (methanol with co-solvents and corrosion inhibitors) directly from coal. Production 
of ammonia was eliminated. The project will be constructed on a site in Lawrence County in southern Ohio. This plant will use 
high grade sulfur coal from existing mines in the area. 
The proposed project will utilize a High Temperature Winkler (HTW) fluidized bed gasifier to produce raw synthesis gas. The gas 
is cleaned by one or more cyclones and subsequent scrubbing. The cleaned gas is then cooled in a steam generator or boiler feed 
water heat exchanger to recover available energy for use in the plant. Solids removed by the cyclone(s) are recycled to the gasifier 
to improve the carbon conversion efficiency. Carbon conversions of approximately 96+ percent are expected. The raw gas, 
cleaned of particulate matter, is processed in the synthesis section. 

Construction is scheduled to start early in the third quarter of 1988, with completion and initial operation scheduled for the first 
quarter of 1990. 

This plant has been estimated to cost $260 million. 

Project Cost: $260 million 

OHIO ONTARIO CO-PROCESSING PROJECT - Ohio Ontario Clean Fuels Inc., Stone and Webster Engineering Corp., HRI Inc., 
Ohio Coal Development Office, and United States Department of Energy (C-253) 

This project is a prototype commercial coal/oil co-processing plant to be located in Warren, Ohio. This plant will convert high sul-
fur, high nitrogen, Ohio bituminous coal and poor-quality petroleum to produce clean liquid fuels. The process to be utilized is 
HRI, Inc.'s proprietary commercial ebullated-bed reactor technology. In this process coal is blended with residual oil and both an 
simultaneously converted to clean distillate fuels. A typical C4-975 degrees F distillate fuel will contain 0_1 percent sulfur and 
0.2 percent nitrogen. The prototype plant will process 800 tons per day of coal, plus residual oil sufficient to yield 11,750 barrels 
per day of distillate product. Startup of the plant is slated for 1990.
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The project was selected by DOE for financial assistance in the Clean Coal Technology Program and negotiations have been com-
pleted with DOE and Ohio. 

Project Cost: $2173 million 

PRENFLO GASIFICATION PILOT PLANT - Knapp Koppers GmbH (1(K) (C-798) 

Knapp Koppers, of Essen, West Germany (in United States known under the name of GET Gesellschaft fuer Kohie-Technologic) 
are presently operating a 48 tons per day demonstration plant and designing a 1,000 tons per day demonstration module for the 
PRI3NFLO (pressurized entrained flow) process. The PRENFLO process is KK's pressurized version of the Koppers-Totzek (1(T) 
entrained flow gasifier. 

In 1973, KK started experiments using a pilot 1(1' gasifier with elevated pressure. In 1974, an agreement was signed between Shell 
Internationale Petroleum Maatschappij DV and MC for a cooperation in the development of the pressurized version of the KT 
process. A demonstration plant with a throughput of 150 tons per day bituminous coat and an operating pressure of 435 psia was 
built and operated for a period of 30 months. After completion of the test program, Shell and KK agreed to continue further 
development separately, with each partner having access to the data gained up to that date. KK's work has led to the PRENFLO 
process. 

Knapp Koppers has decided to continue development with a test facility of 48 tons per day coal throughput. The plant is located at 
Fuerstenhausen, West Germany. Simultaneously with the pilot test program, the design and engineering of a demonstration plant 
with a capacity (coal feed rate) of 1,000 tons per day will be carried out. The engineering of the 1,000 tons per day gasifier module 
("ready for construction") is expected to be completed in 1988. 

Project Cost: Not disclosed 

RHEINBRAUN HIGH-TEMPERATURE WINKLER PROJECT - Rheinische Draunkohlenwerke AG, Uhde GmbH, West 
German Federal Ministry for Research & Technology (C-803) 

Rheinbraun and Uhde have been cooperating since 1975 on development of the High Temperature Winkler fluidized bed gasifica-
tion process. 

On the basis of preliminary tests in a bench scale plant at Aachen Technical University near Cologne, the sponsors commissioned a 
pilot plant in July 1978 at the Wachtberg plant site near Cologne. Following an expansion in 1980/1981, feed rate was doubled to 
1.3 tons per hour dry lignite. By end of June 1985 the test program was finished and the plant was shut down. From 1978 until 
June 1985 about 21,000 tonnes of dried brown coal were processed in about 38,000 hours of operation. The specific synthesis gas 
yield reached 1,580 standard cubic meters per tonne of brown coal, MAP, corresponding to 96 percent of the thermodynamically 
calculated value. At feed rates of about 1,800 kilograms per hour coal, the synthesis gas output of more than 7,700 standard cubic 
meters per hour per square meter of gasifier area was more than threefold the values of atmospheric Winkler gasifiers. 

Rheinbraun has constructed a 30 ton per hour demonstration plant for the production of 300 million cubic meters syngas per year. 
All engineering for gasifier and gas after-treatment including water scrubber, shift conversion, gas clean up and sulfur recovery was 
performed by Uhde; Linde AG is contractor for the Rectisol gas cleanup. The synthesis gas produced at the site of Rheinbraun's 
Ville/Berrenrath briquetting plant was pipelined to Rheinbraun's Union Kraftstoff subsidiary for methanol production testing 
periods. 

The plant was started up in early 1986. In several processing periods quite good efficiency data corresponding to the results of the 
HTW pilot plant were reached in the gasifier. Nearly all steps of gas aftertreatment had been operated. 

In the meantime studies for further development of the HTW process for higher pressures up to about 25 bar are being performed 
including optimization of the processing system as well as operation in a recycling fluidized bed especially in respect to utilization 
for combined power production. 

The erection of a new pilot plant for pressures up to 25 bar and throughputs up to 63 tons per hour is planned on the site of the 
former pilot plant of hydrogasification. The basic engineering for the new pilot plant was finished at the end of April, 1987. Con-
struction will begin in 1988, with completion in mid-1989. 

Project Cost: Undisclosed
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SASOL - Sasol Limited (C420) 

Sasol Limited is the holding company of the multi divisional Sasol Group of Companies. Sasol is a world leader in the commercial 
production of coal based synthetic fuels. The Synthol oil-from-coal process was developed by Sasol in South Africa in the course of 
more than 30 years. A unique process in the field, its commercial-scale viability has been fully proven and its economic viability 
conclusively demonstrated. 

The first Sasol plant was established in Sasolburg in the early fifties. The much larger Sasol Two and Three plants, at Secunda - 
situated on the Eastern Highveld of Transvaal, came on-stream in 1980 and 1982, respectively. 

The two Secunda plants are virtually identical and both are much larger than Sasol One, which served as their prototype. Enor-
mous quantities of feedstock are produced at these plants. At full production, their daily consumption of coal is almost 100,000 
tons, of oxygen, 26,000 tons; and of water, 160 megaliters. Sasol's facilities at Secunda for the production of oxygen are by far the 
largest in the world. 
Facilities at the fuel plants include boiler houses, Lurgi gasifiers, oxygen plants, Recticol gas purification units, synthol reactors, gas 
reformers and refineries. Hydrocarbon synthesis takes place by means of the Small developed Synthol process. 

The products of Sasol Two and Three, other than liquid fuels, include ethylene, alcohols, acetone, methyl ethyl ketone, pitch, tar 
acids, and sulphur, produced for Sasol's Chemical Division, and ammonia for the group's Fertilizer and Explosives Divisions. 

Sasol's Mining Division manages the five Sasol-owned collieries, which have an annual production of 35-million tons of coal. The 
collieries comprised of the four Secunda Collieries, which form the largest single underground coal mining complex in the world, 
and the Sigma Colliery in Sasolburg. 

A technology company, Sastech, is responsible for the Group's entire research and development programme, process design, en-
gineering, project management, and transfer of technology. 

Project Cost: SASOL Two $2.9 Billion 
SASOL Three $3.8 Billion 

At exchange rates ruling at construction 

SCOTIA COAL SYNFUELS PROJECT - DEVCO (A Federal Crown Corporation); Alastair Gillespie & Associates Limited; Gulf 
Canada Products Company (a subsidiary of Gulf Canada Limited); NOVA, an Alberta Corporation; Nova Scotia Resources Limited (a 
Provincial Crown Corporation); and Petro-Canada (a Federal Crown Corporation) (C422) 

The consortium conducted a feasibility study of a coal liquefaction plant in Cape Breton, Nova Scotia using local coal to produce 
gasoline and diesel fuel. The plant would be built either in the area of the Gulf Point Tupper Refinery or near the coal mines. The 
25,000 barrels per day production goal would require approximately 23 million tonnes of coal per year. The plant start-up could be 
in 1989/1990. Additional funding of $750,000 requested from the Oil Substitution Fund (a fund jointly administered by the 
Canadian Federal Government and the Provincial Government of Nova Scotia) to evaluate two-stage process options was an-
nounced by the Nova Scotia government on October 3, 1984. 
A contract was completed with Chevron Research Inc. to test the coals in their two-stage direct liquefaction process (CCLP). 

Feasibility report has been completed. Financeability options are being discussed with governments concerned and other parties. 

Scotia Synfuels Limited has been incorporated to carry on the work of the consortium. Scotia Synfuels has down sized the project 
to 13,000 barrels per day and has reached agreement in principle to purchase the Point Tupper site from Ultramar Canada Inc. 
Recent developments in co-processing technology have reduced the capital cost estimates to under $C500 million. 

Project Cost:	 Approximately $4 million for the feasibility study 
Approximately US$250 million for the plant 

SCRUBGRASS - Scrubgrass Associates (C-825) 

Scrubgrass Associates (SGA) planned to build a 2,890 barrels per day coal-to-methanol-to-gasoline (and other products) plant, to 
be located in Scrubgrass Township, Venango County, Pennsylvania. The sponsors submitted a request for loan and price 
guarantees from the United States Synthetic Fuels Corporation under the solicitation for Eastern Province or Eastern Region of 
the Interior Province Bituminous Coal Gasification Projects. The technology consists of three basic processes: high pressure GKT 
entrained-flow coal gasification, 10 methanol synthesis, and the Mobil methanol-to-gasoline (MTG) process. On November 19, 
1985, the SFC dropped the project from further consideration.
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Scrubgrass Power Corporation has converted the project from production of liquid fuels to the production of electric power, at the 
same location. Environmental work had largely been completed for the previous plan. The capacity of the plant is 80 MEG. The 
plan is to use circualting fluidized bed technology, fueled with up to 6 percent sulfur coal. 

No federal assistance of any kind is sought. 

The estimated total project costs, including start-up, commissioning, engineering, procurement, and construction, and financing 
costs, are $145,000,000. Financial closing is anticipated in mid-1987. 

Project Cost: See above 

SHELL COAL GASIFICATION PROJECT - Royal Dutch/Shell Group and Shell Oil Company (U.S.) (C-MO) 

Shell Oil Company (U.S.) and the Royal Dutch/Shell Group are continuing joint development of the pressurized, entrained bed, 
Shell Coal Gasification Process. A 6 tons per day pilot plant has been in operation at Shell's Amsterdam laboratory since Deccm-
bcr 1976. A number of different coals and petroleum cokes have been successfully gasified at 300 to 600 psi. This pilot plant has 
now operated for over 10,000 hours. 

A 150 tons per day prototype plant has been operating at the German Shell Hamburg/Harburg refinery since 1978 with over 
6,000 hours of operation logged. Its experimental program now complete, the plant has successfully gasified different types of coal 
in runs as long as 1,000 hours and has demonstrated the technical viability of the process. Further development of the Shell process 
is continuing through active pursuit at other Shell facilities. 

Project Cost: Not disclosed 

SLAGGING GASIFIER PROJECT - British Gas Corporation (C450) 

The British Gas Corporation (BGC) constructed a prototype high pressure slagging fixed bed gasifier in 1974 at Westfield, Scot-
land. ('This gasifier has a throughput of 350 tons per day.) The plant has been successfully operated since that date on a wide 
range of British and American coals, including strongly caking and highly swelling coals. The ability to use a considerable propor-
tion of fine coal in the feed to the top of the gasifier has been demonstrated as well as the injection of further quantities of fine coal 
through the tuyeres into the base of the gasifier. By-product hydrocarbon oils and tars can be recycled and gasified to extinction. 
The coal is gasified in steam and oxygen. The slag produced is removed from the gasifier in the form of granular frit. Gasification 
is substantially complete with a high thermal efficiency. A long term proving run on the gasifier has been carried out successfully. 

A new phase started in November 1984, is the demonstration of a 550 tons per day (equivalent to 70 megawatts) gasifier with a 
nominal I.D. of 8 feet. Within this demonstration program a three month nra will be carried out in 1988 to demonstrate gasifier 
operability, gas purification, and methanation to make SNG. It is also planned to carry out a number of tests for EPR1 and the 
Gas Research Institute. Integrated combined cycle tests will be carried out with an SK 30 Rolls Royce Olympus turbine to generate 
power for the grid. The turbine will be supplied with product gas from the plant. It has a combustor temperature of 1,960 degrees 
F, a compression ratio of 10, and a thermal efficiency of 31 percent. 

In addition to the current 550 ton per day gasifier, an experimental gasifier designed to operate in the fixed bed stagger mode at 
pressure up to 70 atmospheres is being constructed. It is designed for a throughput of 200 tons per day. Completion of construc-
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COMMERCIAL AND R&D PROJECTS (Continued) 

tion is expected in mid 1988. The unit is to be used to study the effect of pressure on methane production and gasifier perfor-
mance. 

Project Cost: Not available 

SOUTH AUSTRALIAN COAL GASIFICATION PROJECT - Government of South Australia (C-W) 

The South Australian Government is continuing to assess the feasibility of building a coal gasification plant utilizing the low rank 
brown coal of the Northern St. Vincent Basin deposits, north of Adelaide. The plant being studied would be integrated with two 
300 MW combined cycle power station modules and is one possible option for meeting additional power station capacity require-
ments in the mid- I990s. 

Coal has been tested in a number of processes including the Sumitomo CGS (molten iron bath), Westinghouse, Shell-Koppers and 
Texaco, and studies are continuing in conjunction with Sumitomo, Uhde-Steag. and Krupp-Koppers. Heads of Agreement have 
been signed with a consortium headed by Uhde GmbH to test coal from the Bowmans deposit in the Rheinbraun HTW gasifier 
and perform a detailed design and feasibility study for a 600 MW gasification combined cycle power station. Ten tonnes of coal 
were satisfactorily gasified in the small scale Process Development Unit at Aachen, FRG, in August 1985. Testing Bowmans coal in 
the 40 ton per day ltheinbraun pilot plant at Frechen-Wachtberg, PRO has been completed and final reports on the tests are due 
by July, 1987, when a review of the project will be undertaken and directions for ongoing development determined. 

Project Cost: DM 7.5 million 

SYNflIESEGASANIAGE RUHR (SAR) - Ruhrkohle Gel and Gas Gmbll Ruhrchemie AG (C-869) 

Based on the results of the pressurized coal-dust gasification pilot plant using the Texaco 
process, which has been in operation 

from 1978 to 1985, the industrial gasification plant Synthesegasanlage Ruhr has been completed on Ruhrchemie's site at 
Oberhausen-Holten. 

The coal gasification plant has been in operation since August 1986. The coal gases produced have the quality to be fed into the 
Ruhrchemie's oxosynthesis plants. Approximately 120,000 tons of German hard coal have been gasified up to October, 1987 to 
produce 330 million cubic meters of synthesis gas and 40 million cubic meters of hydrogen. The investment is subsidized by the 
Federal Minister of Economies of the Federal Republic of Germany. The Minister of Economies, Small Business and Technology 
of the State of North-Rhine Westphalia participates in the coal costs. 

Projcct Costs: DM220 million (Investment) 

TEXACO COAL GASIFICATION PROCESS - Texaco Inc. (C-890) 

The commercial status of the Texaco Coal Gasification Process has been a result of extensive development at Texaco's facility in 
Montebello, California since the 1973 oil embargo. During this period, Texaco spent more than $8 million to expand and improve 
its existing gasification facilities at Montebello. There are now two complete gasifier trains, each capable of processing more than 
20 tons per day coal, at pressures ranging from 300 to 1,200 psig, in either the quench or gas cooler modes of operation. The 
facilities include coal grinding, slurry preparation, and gas scrubbing units which are capable of producing a clean syngas product in 
continuous operation. This pilot plant has processed a wide variety of coals and has provided design information for a number of 
commercial projects in operation and under construction. In addition, pilot plant operations are conducted to improve and 
enhance Texaco's gasification technology. 

Texaco's development activities were complemented during the 1978 to 1985 period by operations at three licensed demonstration 
plants. These plants are owned by Ruhrkohle AG/Ruhrchemie AG, Tennessee Valley Authority, and Dow Chemical, and are lo-
cated in Oberhausen—l-Iolten in the Federal Republic of Germany, Muscle Shoals, Alabama, and Plaquemine, Louisiana, respec-
tively. 

The Texaco Coal Gasification Process is currently employed for the commercial production of electric power and a variety of 
products, and has application for a wide range of chemicals which can be manufactured from synthesis gas. Commercial projects 
currently in operation utilizing the Texaco Coal Gasification Process include the 900 tons per day Tennessee Eastman plant which 
manufactures methanol and acetic anhydride, the 1,000 tons per day Cool Water plant which manufactures electricity, and the 
1,650 tons per day Ube Ammonia plant which manufactures ammonia, and the 770 tons per day SAR plant in Oberhausen, West 
Germany for the manufacture of oxo-chemicals. Commercial projects currently in detailed design and/or construction include the 
440 ton per day LuNan Coal Gasification Plant in China to manufacture ammonia, and the 2,700 ton per day Nynas Energy Chemi-
cals complex in Sweden, and the 1,100 tons per day Shoudu Coal Gasification Plant in Beijing, China. A number of United States 
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utilities are actively considering coal gasification for Future electric power capacity additions, and several are working with Texaco 
on detailed site-specific studies of the Texaco process. 

Project Cost: Not applicable 

TOSCOAL PROCESS DEVELOPMENT - Tosco Corporation (C-900) 

TOSCO has completed development in 1983 of an atmospheric, low-temperature (800-970 degrees F) coal pyrolysis system, named 
the TOSCOAL Process, at their 25 tons per day pilot plant facilities, located near Golden, Colorado. The TOSCOAL Process is an 
adaptation of the TOSCO II oil shale retorting process to coal carbonization. The process products are char for power plant con-
sumption, high-BTU gas, and oil. The process selectively reduces the volatile matter of the parent coal to any desired level in the 
char, usually 10 to 18 weight percent. Combustion and reactivity tests were performed on chars produced from three bituminous 
coals. Test results showed that the chars made from these coals had reactivity comparable to the parent coal. Pilot plant combus-
tion tests showed that boiler slagging and scaling characteristics were similar to the parent coal. One oil was hydrotreated to 
produce a 24.4 degrees AN syncrude product containing 0.04 weight percent sulfur, 035 weight percent nitrogen, and 1.78 weight 
percent oxygen. Process evaluations show that a plant designed to process nominally 10,000 tons per day of coal will produce as 
major products 7,800 tons of readily combustible char, 11,500 barrels of hydrotreated oil, 310 barrels of vacuum residual as well as 
fuel gas. Economic analyses indicate that, relative to coal liquefaction technologies, the capital cost per daily barrel of product 
from the TOSCOAL Process is substantially less. 

Project Cost: Undetermined 

TVA AMMONIA FROM COAL PROJECT - Tennessee Valley Authority (C-940) 

The TVA is conducting an ammonia-from-coal project at its National Fertilizer Development Center, located at Muscle Shoals, 
Alabama. A Texaco Partial Oxidation Process coal gasifier was retrofitted to an existing 225 tons per day ammonia plant. Plant 
construction was completed in mid-1980. Capital casts total $46 million. Brown and Root of Houston held the $25.6 million con-
tract for the construction of the eight ton per hour coal gasifier. The air separation plant was built by Air Products and Chemicals, 
Inc. at a cost of $5 million. The remainder of the work was done by TVA. The coal gasifier can provide 60 percent of the gas feed 
to the existing ammonia plant. The existing plant retains the option of operating 100 percent on natural gas, if desired. The initial 
feed to the coat gasifier was Illinois No. 6 seam coal. 

The gasifier was dedicated and started up at the TVA's 13th Demonstration of Fertilizer Technology conference in October 1980 
and continued in itermittent operation until 1981. However, actual production of feed gas for ammonia manufacturer was not ac-
complished because of mechanical problems. The plant was shut down while modifications were made to the gasifier and other 
downstream processes and equipment. 

The plant was restarted in April 1982. Operations continued intermittently through November 1982 and culminated in a 5-day per-
formance test. Although the plant did not meet all the contract performance requirements, particularly in the sulfur recovery area, 
the facility did provide synthesis gas for the production of ammonia. Plant operations continued for 12 days, prior to being shut 
down at the end of the performance test. Total operating time was approximately 1,600 hours. 

The plant was not operated again until July 1983 primarily because of budget limitations. A 5-day coal test was made in July and 
was followed by a 20-day test using EDS residues. Additional tests were made in late 1984 and 1985. The project was completed 
and the facility was shut down in September 1985 after operating for 3,600 hours. 

Project Cost: $60 million total 

UBE AMMONIA-FROM-COAL PLANT - Ube Industries, Ltd. (C-952) 

Ube Industries, Ltd., of Tokyo recently completed the world's first large scale ammonia plant based on the Texaco coal gasification 
process (TCGPW). There are four complete trains of quench mode gasifiers in the plant. In normal operation three trains are 
used with one for stand-by. Ube began with a comparative study of available coal gasification processes in 1980. In October of that 
year, the Texaco process was selected. 1981 saw pilot tests run at Texaco's Montebello Research Laboratory, and a process design 
package was prepared in 1982. Detailed design started in early 1983, and site preparation in the middle of that year. Construction 
was completed in just over one year. The plant was commissioned in July 1984, and a first drop of liquid ammonia from coal was 
obtained in early August 1984. Those engineering and construction works and commissioning were executed by Ube's Plant En-
gineering Division. Ube installed the new coal gasification process as an alternative "front end" of the existing steam reforming 
process, retaining the original synthesis gas compression and ammonia synthesis facility. The plant thus has a wide range of 
flexibility in selection of raw material depending on any future energy shift. It can now produce ammonia from coals, naphtha and 
LPG as required.
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The gasification plant has operated using four kinds of coal—Canadian, Australian, Chinese, and South African. The overall cost of 
ammonia is said by Ube to be reduced by more than 20 percent by using coal gasification. Furthermore, the coal gasification plant 
is expected to be even more advantageous if the price difference between crude oil and coal increases. 

Project Cost - Not disclosed 

UNIVERSITY OF MINNESOTA LOW-BTU GASIFIER FOR COMMERCIAL USE - United States Department of Energy and 
University of Minnesota (C-970) 

In February 1977, DOE awarded a five-year cost-sharing contract to the University of Minnesota for design, construction, and 
operation of a 72 tons per day Foster Wheeler Stoic gasifier to be located at Duluth, Minnesota. Foster Wheeler provided the en-
gineering services. The two-stage gasifier utilizes technology licensed by Foster Wheeler from Stoic Combustion Ltd. of Johannes-
burg, South Africa. The 180 BTU per standard cubic feet gas is used to fire a boiler for heating/cooling of campus buildings. The 
process produces fuel oil as a coproduct which will be used as boiler fuel during gasifier maintenance. The Stoic gasifier was 
started initially in October 1978. Altogether five different western sub-bituminous coals have been fed to the Duluth unit. The 
heavy coal oil recovered by means of electrostatic precipitation has been stored and fired successfully in the University's boilers. 
The gasifier is now fully operational, and on an extended run providing partially the fuel needs for the campus heating plant. 

Operation changes from western coal to Western Kentucky Bituminous coal to improve economics of operation. Cooperative 
agreement with Department of Energy ended August 1982. Plant operation now entirely funded by University of Minnesota. 

Project Cost: $6,401,557.30; DOE share $2,818,940.00 

YEW GASIFICATION PROCESS - Vereinigte Elektrizitatswerke (C-974) 

A gasification process being specially developed for application in power plants is the YEW Coal Conversion Process of Vereinigte 
Elektrizitatswerke, a German utility. The process works on the principle of entrained flow. However, coal is partly gasified with air 
and the remaining coke is burned separately. A prototype 10 tons coal per hour plant has been operated in Gersteinwerk near 
Dortmund since 1985. Superheated steam of 530 degrees C and 180 bar is generated in the waste heat boiler. Three variants are 
being tested for gas cleaning, whereby both wet and dry gas cleaning are being applied. These consist of: 

Wet gas-cleaning with prescnibbing to remove NII 4CI, and amisol washing plus a Claus plant to remove sulfur. 

Prescrubbing to remove NH4CL, with combustion of gases Free of chlorine and alkalies in the gas turbine, 
followed by sulfur separation in the FGD plant. 

Dry removal of chlorine and alkalies in a circulating fluidized bed in which lime is used as a reagent, with sulfur 
removal in the FGD plant. 

Project Cost: Not disclosed 

VICTORIA BROWN COAL LIQUEFACTION PROJECT - Brown Coal Liquefaction (Victoria) Pry. Ltd. (C-975) 

BCLV is operating a pilot plant at Morwell in southeastern Victoria to process the equivalent of 50 tons per day of dry ash free 
coal. DCLV is a subsidiary of the Japanese-owned Nippon Brown Coal Liquefaction Company (NBCL), a consortium involving 
Kobe Steel, Mitsubishi Chemical Industries, Nissho lwai, Idemitsu Kosan, and Asia Oil. 

The project is being run as an inter-governmental cooperative project, involving the Federal Government of Australia, the State 
Government of Victoria, and the Government of Japan. The program is being fully funded by the Japanese government through 
the New Energy Development Organization (NEDO). NBCL is entrusted with implementation of the entire program, and DCLV 
is carrying out the Australian components. The Victorian government is providing the plant site, the coal, and some personnel. 

Construction of the drying, slurrying, and primary hydrogenation sections comprising the first phase of the project began in 
November 1981. The remaining sections, consisting of solvent deashing and secondary hydrogenation, were completed during 
1986. Both sections are now operating. The pilot plant is planned to operate until September, 1989. 

The aim of the pilot plant is to provide data on the BCL Process developed since 1971 by members of the consortium. Tentative 
plans call for construction beginning near the end of this decade of a demonstration plant consuming about 5,000 tons per day of 
dry coal equivalent, this being the first unit of a six unit commercial plant.
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The pilot plant is located adjacent to the Morwell open cut brown coal mine. Davy McKee Pacific Pty. Ltd., provided the 
Australian portion of engineering design procurement and construction management of the pilot plant. 

Project Cost: Undisclosed 

WIllING TRIGENERATION PROJECT - Shanghai Coking and Chemical Plant (C-992) 

Shanghai Coking and Chemical Plant is considering a trigeneration project to produce coal-derived fuel gas, electricity, and steam. 
The proposed plant will be constructed near the Shanghai Coking and Chemical plant in Wujing, a suburb south of Shanghai. 
SWCC contracted with Bechtel on June 6, 1986 to conduct a technical and economic feasibility study of the project. 

The proposed project will consist of coal gasification facilities and other processing units to be installed and operated with the 
existing coke ovens in the Shanghai Coking and Chemical Plant. The facility will produce 3 million cubic meters per day of 
3,800 Kcal per cubic meter of town gas (106 million cubic feet per day of 427 BTU per cubic foot); 50 to 60 megawatts of 
electricity; 100 metric tons per hour of low pressure steam; and 300, metric tons per year of 99.85 percent purity chemical grade 
methanol, 100,000 metric tons per year of acetic anhydride, and 50,ODO metric tons per year of cellulose acetate. The project will be 
constructed in stages. 

The study was completed and evaluated. Bechtel was paid from a $600,000 grant to SCCP from the United States trade and 
development program (TDP), International Development Cooperation Agency. 

Phase I, desianed to produce one million cubic meters per day of town nas. 100,000 tons per year of methanol, and 15,000 tons per 
Year of cellulose acetate was submitted to the Chinese National Plannin g Board for anoroval by Shanahai municipality in April, 
1988. 

Project Cost: Not disclosed 

UNDERGROUND COAL CONVERSION PROJECTS 

UNDERGROUND COAL GASIFICATION, BRAZIL - Companhia Auxiliar de Empresas Electricas Brasileiras and United States 
Department of Energy (C-1002) 

On January 21, 1985 the United States and Brazil signed a bilateral agreement to jointly study underground coal gasification 
(UCG). The objective of the agreement is to undertake a joint analytical and test program for the development of UCG 
technology utilizing the site of the Triunfo coal deposits in Rio Grande do Sul. The program will consist of three phases of work: 
(1) coal and site characterization; (2) test design and feasibility studies; and, (3) test operations and evaluation. 

During the first phase DOE will provide geologic specifications, preliminary evaluations of samples of Brazilian coals, technical 
experts on site, site characterization methods and tools, and data evaluation to develop a preliminary process design. CAEEB will 
provide needed data to DOE and will be responsible for actual site characterization studies and field tasks such as drilling and 
seismic studies. 

During the test design 
and feasibility study phase (Phase 2), DOE will provide information and technical experts to assist in the 

preparation of the preliminary design 
of an actual field test. During this second phase CAEEB agrees to be in charge of the 

preliminary feasibility test program, and for all subcontracting. 

In Phase 3, which consists of test operations and evaluation, DOE agrees to provide technical experts to the CAEEB during the 
operation and evaluation of the UCG test. DOE may also loan data aquisition hardware and software and related instrumentation 
to assist in monitoring the test. CABEB will provide to DOE all information on the design and results of the field test. 

DOE and CAEEB will each bear their own costs of their participation in the activities under the agreement. The agreement will 
continue for a five year period, and may be extended by mutual agreement of both countries. 

Project Cost: Not Disclosed 

UNDERGROUND COAL GASIFICATION, INDIA - Oil and Natural Gas Commission (C-1045) 

The government of India has appropriated $40 million to test the potential of underground coal gasification (UCO) for domestic 
coal. The proposed site for the test in western India contains large reserves of subbituminous coal that could be amenable to UCG. 
However, experts from the United States, France, Netherland, Belgium, and West Germany concluded that the depth of the 
coal—approximately 2,750 feet—may cause some challenges, but have agreed with the strategy adopted by India for detailed 
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geological, geophysical and hydrological studies prior to gasification and proposed horizontal drilling, completion policy and surface 
design. Therefore, they recommended that the Indian researchers utilize the Controlled Retracting Injection Point (CR1?) 
technology developed by the Lawrence Livermore National Laboratory. 

The first information well (UCG-l) has been drilled in Mehsana City structure located in North Gujarat. Detailed hydrological, 
geological and geophysical studies have been completed. Detailed 3-D seismic work has been done. Another well is proposed to 
be drilled for more data gathering before actual gasification in 1989-90. 

Project Cost: $40 million appropriated 

UNDERGROUND COAL GASIFICATION, JOINT BELGO-GERMAN PROJECT - Belgium, European Economic 
Community, and Federal Republic of Germany (C-usc) 

A Belgo-German trial project is being conducted in Belgium at Thulin, in a coal deposit at 860 meter depth. The goal of the trials 
is to create an underground gas generator which can operate at a pressure of 20 to 30 bar. Investigation of the potential for 
developing underground gasification of deposits at great depth was begun in Belgium at the end of 1974. The first effort has grown 
since 1976, when a Belgo-German cooperation agreement was signed which resulted in the execution of an experimental 
underground gasification project sited at Thulin. The site chosen lies at the western end of the Borinage coalfield, in an area where 
the deposits are still unworked because of the considerable tectonic disturbances present between the surface and the 800 meter 
level. Work began in 1979 and is planned to continue into 1987. 

The first reverse combustion experiment was executed from April to October 1982 without the formation of a linking channel. The 
test had to be halted due to self-ignition of the coal, after 3.5 days. In November 1982 the fire was extinguished by injection of 
water and nitrogen. 

Before starting a second experiment of reverse combustion, the wells have been restored and various improvements were brought 
to the equipment to eliminate the self-ignition of the coal in the vicinity of the injection hole and to prevent the accumulation of 
water at the bottom of the gas recovery hole. This second experiment started in September 1982 and was stopped in early May 
1984. The experiment suffered from 4 interruptions due to tubing breakage by corrosion. 

The trials demonstrated that it is not possible to avoid self-ignition of the coal in the vicinity of the injection well, but after 
scattering of this fire, the oxygen content of the exhaust gases increased to a level where it should be possible to again develop 
reverse combustion starting from the recovery well. 

The trials made during February-May 1984 demonstrated that this concept can be successful. It was possible to start coal burning 
by self-ignition in the vicinity of the recovery well on March 20 and April 19, injecting ca. 500 cubic meters per hour air and 50 cubic 
meters per hour carbon dioxide under 250 bar and keeping a backpressure of 100 bar at the outlet. 

During the last trial, the combustion evolved to gasification, producing 150 cubic meters per hour of lean gas during 12 days. A 
careful analysis, however, of the available data (flow/pressure, tracer tests) did not show any evidence that a channel had been 
started. The experiment has been stopped, while intensive work is devoted to solving the corrosion problems (the tubing has to 
withstand both cold and hot corrosion), and to preparing a trial with strongly deviated drillings, starting from the existing wells. 

This trial has been made with success in September 1985: a drainhole of 40 meters length (27 meters in coal) has been drilled from 
Well I in the direction of Well II, and a flexible liner has been set inside this drainhole. However, the azimuth control was poor. It 
is planned to drill a sidetrack from Well 11 and to link it with the drainhole in early 1986; this delay is due to the long delivery time 
of the special, corrosion resisting material to be set inside Well II. 

In December 1985 and January 1986, a sidetracked hole was drilled from the level 670 of Well II and crossed the seam at about 
1 meter from the drainhole. The coal plug between the wells has been expelled by high pressure water on February 4, 1986. The 
final completion of the wells was done in March-April 1986. 

Due to problems encountered during the setting of the measuring equipment into the drainhole, it has been decided to insert in the 
injection well a coiled tubing of 1-1/2 inch diameter, the end of which is provided with a gas burner and some thermocouples. The 
preparatory works (wellhead modification, design construction, and tests of the new equipment ended in August 1986. 
After preliminary trials made above ground to simulate the conditions of rubber hose combustion, the underground trial took place 
on August 24 and was only partially successful. About 10 meters of rubber hose were destroyed, but the connection with the 
recovery well was reduced by tar accumulation and it was still impossible to push the burner and the coiled tubing into the curved 
part of the injection borehole. The sponsors believe that some strata displacement damaged the flexible liner after its insertion in 
September 1985. 

Having cleaned the channel between the wells by water circulation and checked the remaining free section at the bottom of the 
injection well, the sponsors decided to start the gasification without any change to the equipment. 
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They tried to provoke self-ignition of the coal by injecting a small flow of oxygen enriched ait this succeeded on October 14. the 
program is: first, to improve the communication by burning some coal along the existing communication, then to demonstrate the 
feasibility of synthesis gas production using a carbon dioxide/oxygen mixture as gasifying agent, and then to extend the gasifier as 
far as possible using compressed air as the gasifying medium. 

Project Cost: Not disclosed 

UNDERGROUND COAL GASIFICATION, LLNL STUDIES - Lawrence Livermore National Laboratory (C-1092) 

The LLNL has been working on in situ coal gasification since 1972, under the sponsorship of DOE and predecessor organizations. 
Tests that have been conducted include three underground coal gasification tests at the floe Creek site near Gillette, Wyoming; 
five small field tests ('Large Block Tests') at an exposed coal face in the WIDCO coal mine near Centralia, Washington; and a 
larger test at the same location (the 'Partial Seam CRIP Test'). 

Previous LLNL work involved development of the packed bed process, using explosive fracturing. A field test, Hoe Creek No. 1, 
was conducted during FY1976-1977, to test the concept. A second experiment, carried out during FY1977-1978, Hoe Creek No. 2, 
was gasified using reverse combustion and produced 100 to 150 ff113 per standard cubic foot gas using air injection, and 250 to 
300 BTU per standard cubic foot gas during a two day steam-oxygen injection test. The third experiment, Hoe Creek No. 3, was 
carried out during FY1978-1979, using a drilled channel to provide the link between the process wells. The test an for 57 days, 
47 consecutive days using steam and oxygen, during which 3,800 tons of coal were gasified with an avenge heating value of 
215 BTU per standard cubic foot. The test showed that long-term use of steam-oxygen underground gasification is technically 
feasible, operationally simple and safe. The use of steam and oxygen is crucial because the medium heating value gas produced by 
steam-oxygen gasification is readily converted to chemical synthesis gas or to pipeline quality, which is the objective of this project. 

The 'Large Block Tests' in FY1982 were designed to any the concepts of the laboratory tests to a larger size in the field and still 
retain the ability to visually examine the burn cavities by simple excavation. The tests were very successful in providing detailed 
data which were used to develop a 3-D cavity simulation model, CAVSM. The results from the Block tests led to the design of the 
Centralia Partial Seam CRIP test which was carried out in FY1983-1984. Over 2,000 tons of coal were gasified with steam and 
oxygen to produce a gas with an average heating value of 240 BTU per standard cubic foot. The test was designed to test the 
Controlled Retracting Injection Point (CRIP) concept in a coal seam with real commercial potential but on a scale small enough to 
allow the test to be completed within 30 days. Oxygen-steam injection was used through a 900 foot long well drilled from the coal 
face parallel to the dip of the seam. The product gas was produced first through an intersecting vertical well, and second, for the 
CRIP cavity, through a slant well drilled from the exposed face. Two distinct gas qualities were achieved a relatively high level after 
the CRlF maneuver and lower levels during the first cavity burn and after the roof collapse of the second burn. Even though some 
directional control problems were encountered in drilling the slant holes, the overall success of the Partial Seam test was very 
encouraging for the future of UCG at the Centralia site. The CRIP concept adds one more degree of control to the process in that 
the average heating value of the produced gas can be controlled by controlling the position of the injection point. 

A large scale test, Rocky Mountain 1 was carried out in late 1987 and early 1988 at Hanna, Wyoming. The test will provide a direct 
comparison of the CRIP method with a vertical injection well method, and will operate long enough to give resource recovery data 
from a multiple cavity burn. Both test modules utilized directional drilled links and horizontal production wells. One module used 
a CRIP injection system while the other sed vertical injection wells. 

LLNL is providing the gas analysis and data aquisition systems for the test and also actively supporting the operational phase of the 
test. 

Objectives for FY1988 include: 

1. Continue to support the Rocky Mountain 1 field test at Hanna, Wyoming including active participation in the operational 
phase. Goals of the experiment are to determine the technology for larger scale operation and to refine the economics for 
commercial gasification. 

2. Continue the modelling program with emphasis on cavity growth simulation comparison with field results. 

3. Continue to support the DOE and State Department in technology transfer through agreements with foreign countries 
such as Spain, Brazil, and India. 

Project Cost: Not disclosed
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UNDERGROUND COAL GASIFICATION, LEIGH CREEK - State Government of South Australia (C-1097) 

A study sponsored by the State Government of South Australia projects favorable economics for underground gasification to coal 
to produce electric power from the Leigh Creek deposit. Confirmatory drilling to test geotechnical assumptions made for the 
feasibility study was conducted during October 1984. Because significant capital is required and because government and utility 
trust expenditures are presently committed to other coal-related programs, the test panel burn that was planned for 1986/1987 has 
been postponed. However, discussions with Shedden Pacific are continuing. 

Shedden Pacific Pty. Ltd., conducted the feasibility study, which found that at least 120 million metric tons of coal at Leigh Creek 
could be used for UCO. These reserves are unlikely to be economically recoverable by open pit or underground mining methods, 
and would support a 250 megawatts power station for approximately 25 years. 

The preliminary design laid out in the study is based on a gasification panel consisting of a coal seam 13 meters thick, with dip 
angle of 10 degrees to 13 degrees, into which one blast air borehole and two production boreholes art drilled horizontally. Each 
panel is 400 meters long and 80 meters wide with the blast air borehole located along the central axis and the production bores 
spaced equally on either side. 

The blast air and production boreholes are drilled down dip using deviated drilling techniques. At the down dip end of the panel 
are located four vertical ignition bores equally spaced across the panel. A blast borehole in the seam has the great potential 
advantage that, provided that it does not burn back by reverse burn, it will always deliver the blast to the bottom of the active 
gasification zone. 

Project Cost: Approximately $1 billion (1983 Australian dollars) total capital costs 

UNDERGROUND COAL GASIFICATION, ROCKY MOUNTAIN I TEST - Amoco Production Company, Electric Power 
Research Institute, Gas Research Institute, Union Pacific Resources Company, and United States Department of Energy (C-1099) 

A field test of the Controlled Retracting Injection Point (CRIP) technology was conducted in late 1987 and early 1988 near Hanna, 
Wyoming. The test, named "Rocky Mountain 1," is funded by the United States Department of Energy (DOE) and a four member 
industrial consortium. The consortium, headed by the Gas Research Institute, also includes the Electric Power Research Institute, 
Amoco Production Company Research Center, and Union Pacific Resources Company. 

The test site is about two miles south of Hanna, Wyoming, near a site used in the 1970s by the government to conduct some of the 
United States' first underground coal gasification tests. The CRIP technique was conceived by LLNL in the late 1970s to improve 
the efficiency, boost resource recovery, and increase the reliability of underground coal gasification. The CRIP method uses a 
horizontal well drilled along the base of a coal seam that is lined with a thin-walled metal pipe to supply oxygen to the coal to 
support the gasification process. To gasify the coal, successive sections of the well liner are burned away and the coal seam is 
ignited by a propane burner inserted in the horizontal well. The coal gasifies from the bottom of the seam upward producing 
medium-BTU gases. The gases are transported to the surface either through a second horizontal well near the top of the seam or 
through widely spaced vertical wells bored into the coal seam. As sections of the coal seam gasify, a cavity forms and ultimately 
reaches the top of the seam. Then, the ignition device is moved, or "retracted," to a fresh section of coal, and the process is 
repeated. 

A 30 day field test of the CRIP technique was conducted in 1983 at an exposed coal face in the WIDCO coal mine near Centralia, 
Washington. The Rocky Mountain 1 test created multiple cavities in two parallel rows 350 feet underground in a 30 foot thick 
subbituminous coal seam. One row consisted of a 300 foot long CRIP module. The other ELW module used vertical injection 
wells similar to those in previous underground field tests. 

A companion effort will evaluate the ecological and environmental aspects of underground coal gasification 

Project Cat: $9.85 million 

UNDERGROUND GASIFICATION OF ANTHRACITE, SPRUCE CREEK - Spruce Creek Energy Company. a joint venture of 
Oilman Company, Geosystems Corporation, and Bradley Resources Corporation (C-IWO) 

Spruce Creek is planning a test of underground gasification of anthracite at a site near Tremont in eastern Pennsylvania. The 
technology to be used will be similar to the gasification-of--steeply.dipping.beds technique used by Gulf at tests near Rawlins, 
Wyoming. The volatiles and sulfur content of the anthracite is low, thus reducing the costs of treating the product gas. 
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The project is currently on hold. 

Project Cost: Not disclosed 

UNDERGROUND COAL GASIFICATION, AMMONIA/UREA PROJECT— Energy International, Inc. and United States 
Department of Energy (C-ills) 

Energy International (El), Inc. has been authorized to receive $12 million from the Department of Energy's Clean Coal Technology 
Program in support of an underground coal gasification (UCG) project near Rawlins, Wyoming. The DOW money, which will be 
repaid from any resulting profits, will supplement the more than $65 million in private sector financing that will fund the UCG 
production of raw materials used in fertilizers. 

Following the merger of Gulf Oil Company with Chevron, the former Alternate Energy Development management of the Gulf 
Research and Development Company (GR&DC) purchased the rights to a variety of coal-based technologies they had developed 
for Gulf and formed Energy International. Work on the Rawlins site has been underway since the late 1970s, when the GR&DC 
began an experimental UCG project there. The site of the earlier work has now been environmentally restored and the new 
project will be located nearby. 

As part of its Rawlins project, EL has made commitments to purchase existing fertilizer plants in Augusta, Georgia, and El Centro, 
California. Work is expected to begin on refurbishing these plants in January of 1988 while construction on the Rawlins site will 
begin in the spring of 1988. Start-up operations are scheduled for the third quarter of 1989, with production slated for the fourth 
quarter of the same year. 

Project Cost: $77 million
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Prolect Sponsors 
A-C Valley Corporation Project A-C Valley Corporation 

Acurex-Aerotherm Low-BTU Gasifier Acurex-Aerotherm Corporation 
for Commercial Use Glen-Gery Corporation 

United States Department of Energy 

ADL Extractive Coking Process Arthur D. Little, Inc. 
Development Foster-Wheeler 

United States Department of Energy 

Advanced Flash Hydropyrolysis Rockwell International 
U.S. Department of Energy 

Agglomerating Burner Project Battelle Memorial Institute 
United States Department of Energy 

Air Products Slagging Gasifier Air Products and Chemicals, Inc. 
Project 

Alabama Synthetic Fuels Project AMTAR Inc. 
Applied Energetics Inc. 

Amax Coal Gasification Plant AMAX, Inc. 

Aqua Black Coal-Water Fuel Gallagher Asphalt Company, 
Standard Havens, Inc. 

Arkansas Lignite Conversion Dow Chemical Company, 
Project Electec Inc. 

International Paper Company 

Australian SRC Project CSR Ltd. 
Mitsui Coal Development Pty, Ltd. 

Beach-Wibaux Project See Tenneco SNG from Coal 

Beacon Process Standard Oil Company (Ohio) 
TRW, Inc. 

Bell High Mass flux Gasifier Bell Aerospace Textron 
Gas Research Institute 
United States Department of Energy 

Beluga Methanol Project Cook Inlet Region, Inc. 
Placer U. S. Inc. 

BI-GAS Project United States Department of Energy 

Breckinridge Project Bechtel Petroleum, Inc. 

Burnham Coal Gasification El Paso Natural Gas Company 
Project 

Byrne Creek Underground Coal Draw Constructors 
Gasification World Energy Inc.

Calderon Fixed-Bed Slagging Project	 Calderon Energy Company 

Car-Mox Low-BTU Gasification	 Pike Chemicals, Inc. 
Project 

Catalytic Coal Liquefaction 	 Gulf Research and Development

Last Appearance in SFR 
June 1984; page 4-59 

September 1981; page 4-52 

March 1978; page B-23 

June 1987; page 4-47 

September 1978; page B-22 

September 1985; page 4-61 

June 1984; page 4-60 

March 1983; page 4-85 

December 1986; page 4-35 

December 1984; page 4-64 

September 1985; page 4-62 

March 1985; page 4-62 

December 1981; page 4-72 

December 1983; page 4-77 

March 1985; page 4-63 

December 1983; page 4-78 

September 1983; page 4-62 

March 1987; page 4-90 

December 1985; page 4-73 

March 1980; page 4-53 

December 1978; page B-25 
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Celanese Coastal Bend Project Celanese Corporation December 1982; page 4-83 

Celanese East Texas Project Celanese Corporation December 1982; page 4-83 

Central Arkansas Energy Project Arkansas Power & Light Company June 1984; page 4-63 

Central Maine Power Company Central Maine Power Company June 1984; page 4-63 
Sears Island Project General Electric Company 

Stone & Webster Engineering 
Texaco Inc. 

Chemically Active fluid Bed Central & Southwest Corporation (four December 1983; page 4-80 Project utility companies) 
Environmental Protection Agency (EPA) 
Foster Wheeler Energy Corporation 

Chemicals from Coal Dow Chemical USA March 1978; page B-24 
United States Department of Energy 

Cherokee Clean Fuels Project Bechtel Corporation September 1981; page 4-55 
Mono Power Company 
Pacific Gas & Electric Company 
Rocky Mountain Energy 

Chesapeake Coal-Water Fuel ARC-COAL, Inc. March 1985; page 4-64 
Project Bechtel Power Corporation 

COMCO of America, Inc. 
Dominion Resources, Inc. 

Chiriqui Grande Project ansco Services, Inc. June 1987; page 4-51 
United States State Department (Trade & Development) 

Chokecherry Project Energy Transition Corporation December 1983; page 4-81 

Circle West Project Meridian Minerals Company September 1986; page 4-58 

Clark Synthesis Gas Project Dark Oil and Refining Corporation December 1982; page 4-85 

Dean Coke Project United States Department of Energy December 1978; page 13-26 
U.S. Steel 
USS Engineers and Consultants, Inc. 

Coalcon Project Union Carbide Corporation December 1978; page B-26 

Cortex Process Development Coalex Energy December 1978; page 8-26 

COGAS Process Development COGAS Development Company, a joint December 1982; page 4-86 
venture of: 
Consolidated Gas Supply Corporation 
FMC Corporation 
Panhandle Eastern Pipeline Company 
Tennessee Gas Pipeline Company 

Columbia Coal Gasification Columbia Gas System, Inc. September 1982; page 4-72 
Project 

Combined Cycle Coal Gasification Consumer Energy Corporation December 1982; page 4-86 
Energy Centers 

Composite Gasifier Project British Gas Corporation September 1981; page 4-56 
British Department of Energy 

Conoco Pipeline Gas Demonstra- Conoco Coal Development Company September 1981; page 4-57 
tion Plant Project Consolidated Gas Supply Company 

Electric Power Research Institute 
Gulf Mineral Resources Company
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Cresap Liquid Fuels Plant 

Crow Indian Coal Gasification 
Project 

Crow Indian Coal-to-Gasoline 
Project 

DeSota County, Mississippi 
Coal Project 

Dow Coal Liquefaction Process 
Development 

Dow Gasification Process Development 

EDS Process 

Elmwood Coal-Water-Fuel Project 

Emery Coal Conversion Project 

Enrecon Coal Gasifier 

Exxon Catalytic Gasification
Process Development 

Fairmont Lamp Division Project 

Fast Fluid Bed Gasification 

Fiat/Ansaldo Project 

Flash Pyrolysis Coal 
Conversion 

Florida Power Combined Cycle 
Project 

Fuel Gas Demonstration Plant 
Program 

Gas Turbine Systems Development

Natural Gas Pipeline Co. of America 
Panhandle Eastern Pipeline Company 
Sun Gas Company 
Tennessee Gas Pipeline Company 
Texas Eastern Corporation 
Transcontinental Gas Pipeline Corporation 
United States Department of Energy 

Fluor Engineers and Constructors 
United States Department of Energy 

Crow Indian Tribe 
United States Department or Energy 

Crow Indian Tribe 
TransWorld Resources 

Mississippi Power and Light 
Mississippi, State of 
Ralph M. Parsons Company 

Dow Chemical Company 

Dow Chemical Company 

Anaconda Minerals Company 
EM 
Electric Power Research Institute 
Exxon Company USA 
Japan Coal Liquefaction Development Co 
Phillips Coal Company 
Ruhrkohle A.G. 
United States Department of Energy 

Foster Wheeler Tennessee 

Emery Synluels Associates: 
Mountain Fuel Supply Company 
Mono Power Company 

Enrecon, Inc. 

Exxon Company USA 

Westinghouse Electric Corporation 

Hydrocarbon Research, Inc. 
United States Department of Energy 

Ansaldo 
Fiat T'FG 
KRW Energy Systems, Inc. 

Occidental Research Corporation 
United States Department of Energy 

Florida Power Corporation 
United States Department of Energy 

Foster-Wheeler Energy Corporation 
United States Department of Energy 

Curtiss-Wright Corporation

December 1979; page 4-67 

December 1983; page 4-84 

September 1984; page C-8 

September 1981; page 4-58 

December 1984; page 4-70 

June;1987 page 4-53 

June 1985; page 4-63 

March 1987; page 4-66 

December 1983; page 4-84 

September 1985; page 4-66 

December 1984; page 4-73 

September 1982; page 4-76 

December 1982; page 4-90 

March 1985; page 4-66 

December 1982; page 4-91 

December 1983; page 4-87 

September 1980; page 4-68 

December 1983; page 4-87 
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United States Department of Energy
General Electric Company 

Grants Coal to Methanol Project Energy Transition Corporation December 1983; page 4-89 

Grefco Low-BTU Project General Refractories Company December 1983; page 4-91 
United States Department of Energy 

Gulf States Utilities Project KRW Energy Systems March 1985, page 4-74 
Gulf States Utilities 

Hampshire Gasoline Project Kaneb Services December 1983; page 4-91 
Koppers Company 
Metropolitan Life Insurance Company 
Northwestern Mutual Life Insurance 

H-Coal Pilot Plant Ashland Synthetic Fuels, Inc. December 1983; page 4-92 
Conoco Coal Development Company 
Electric Power Research Institute 
Hydrocarbon Research Inc. 
Kentucky Energy Cabinet 
Mobil Oil Corporation 
Ruhrkohle AG 
Standard Oil Company (Indiana) 
United States Department of Energy 

Hillsborough Bay Coal-Water ARC-Coal Inc. September 1985; page 4-69 
Fuel Project Bechtel Power Corporation 

COMCO of America, Inc. 

Howmet Aluminum Howmet Aluminum Corporation March 1985, page 4-74 

l-1-R International Syngas Project H-R International, Inc. December 1985, page 4-80 
The Slagging Gasification Consortium 

Hydrogen from Coal Air Products and Chemicals, Inc. December 1978; page 13-31 
United States Department of Energy 

HYGAS Pilot Plant Project Gas Research Institute December 1980; page 4-86 
Institute of Gas Technology 
United States Department of Energy 

ICGG Pipeline Gas Demonstra- Illinois Coal Gasification Group September 1981; page 4-66 
tion Plant Project United States Department of Energy 

Integrated Two-Stage Liquefaction Cities Service/Lummus September 1986; page 4-69 

ITT Coal to Gasoline Plant International Telephone & Telegraph December 1981; page 4-93 
J. W. Miller 
United States Department of Energy 

Kaiparowits Project Arizona Public Service March 1978; page B-iS 
San Diego Gas and Electric 
Southern California Edison 

Kennedy Space Center Polygeneration National Aeronautics & Space June 1986; page 4-85 
Project Administration 

Ken-Tex Project Texas Gas Transmission Corporation December 1983; page 4-95 

Keystone Project The Signal Companies September 1986; page 4-71 

King-Wilkinson/Hoffman Project E. J. Hoffman March 1985; page 4-80 
King-Wilkinson, Inc. I.
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K]ockncr Coal Gasifier Kiockner Kohtegas March 1987; page 4-74 
CRA (Australia) 

Kohle Iron Reduction Process Weirton Steel Corp December 1987; page 4-75 
U.S. Department of Energy 

Lake DeSmet 5MG from Coal Texaco Inc. December 1982; page 4-98 
Project Trnnswestern Coal Gasification Company 

Latrobe Valley Coal Lique- Rhejnische Braunkohiwerke AG December 1983; page 4-96 
faction Project 

LC-Vining Processing of SRC Cities Service Company December 1983; page 4-96 
United States Department of Energy 

Liquefaction of Alberta Alberta/Canada Energy Resources March 1985, page 4-81 
Subbituminous Coals, Canada Research Fund 

Alberta Research Council 

Low-BTU Gasifiers for Com- Irvin Industrial Development, Inc. June 1979; page 4-89 
mercial Use-Irvin Industries Kentucky, Commonwealth of 
Project United States Department of Energy 

Low/Medium-BTU Gas for Multi- Bethlehem Steel Company December 1983; page 4-98 
Company Steel Complex United States Department of Energy 

Inland Steel Company 
Jones & Laughlin Steel Company 
National Steel Company 
Northern Indiana Public Service Company 
Union Carbide Corporation 

Low-Rank Coal Liquefaction United States Department of Energy March 1984; page 449 Project
University of North Dakota 

Lummus Coal Liquefaction Lummus Company June 1981; page 4-74 
Development United States Department of Energy 

Mapco Coat-to-Methanol Project Mapco Synfucls December 1983; page 4-98 

Mazingarbe Coal Gasification Project Certhar (France) September 1985, page 4-73 
European Economic Community 
Gas Development Corporation 
Institute of Gas Technology 

Medium-BTU Gas Project Columbia Coal Gasification September 1979 page 4-107 

Medium-BTU Gasification Project Houston Natural Gas Corporation December 1983; page 4-99 
Texaco Inc.

Memphis Industrial Fuel Gas 	 01 Industries Inc.	 June 1984; page 4-79 
Project	 Cives Corporation 

Foster Wheeler Corporation 
Great Lakes International 
Houston Natural Gas Corporation 
Ingersoll-Rand Company 
Memphis Light, Gas & Water Division 

Methanol from Coal	 UGI Corporation	 March 1978; page 8-22 

Methanol from Coal 	 Wentworth Brothers, Inc. 	 March 1980 page 4-58
(19 utility and industrial sponsors) 

Midrex Electrothennal Direct 	 Georgetown Texas Steel Corporation	 September 1982; page 4-87 
Reduction Process	 Midrex Corporation 

Millmerran Coal Liquefaction 	 Australian Coal Corporation 	 March 1985; page 4-82 
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Mining and Industrial Fuel Gas American Natural Service Co. March 1987; page 4-78 
Group Gasifier Arnerigas 

Bechtel 
Black, Sivalls & Bryson 
Burlington Northern 
Cleveland-Cliffs 
Davy McKee 
Draw 
EPRI 
Hanna Mining Co. 
Peoples Natural Gas 
Pickands Mather 
Resent Mining 
Riley Stoker 
Rocky Mountain Energy 
Stone & Webster 
U.S. Bureau of Mines 
U.S. Department of Energy 
U.S. Steel Corporation 
Western Energy Co. 
Weyerhaeuser 

Minnegasco High-BTU Gas Minnesota Gas Company March 1983; page 4-108 
from Peat United States Department of Energy 

Minnegasco Peat Biogasification Minnesota Gas Company December 1981; page 4-88 
Project Northern Natural Gas Company 

United States Department of Energy 

Minnegasco Peat Gasification Gas Research Institute December 1983; page 4-101 
Project Institute of Gas Technology 

Minnesota Gas Company 
Northern Natural Gas Company 
United States Department of Energy 

Mobil-M Project Mobil Oil Company September 1982; page 4-88 

Molten Salt Process Development Rockwell International December 1983; page 4-101 
United States Department of Energy 

Mulberry Coal-Water Fuel Project CoaLiquid, Inc. March 1985; page 4-85 

NASA Lewis Research Center Coal-to- NASA Lewis Research Center December 1983; page 4-102 
Gas Polygeneration Power Plant 

New England Energy Park Bechtel Power Corporation December 1983; page 4-104 
Brooklyn Union Gas Company 
Eastern Gas & Fuel Associates 
EG&G 
Westinghouse Corporation 
United States Department of Energy 

New Jersey Coal-Water Fuel Ashland Oil, Inc. March 1985; page 4-86 
Project Babcock & Wilcox Company 

Slurrytech, Inc. 

Nices Project Northwest Pipeline Corporation December 1983; page 4-104 

North Alabama Coal to Methanol Air Products & Chemicals Company March 1985; page 4-86 
Project Raymond International Inc. 

Tennessee Valley Authority 

North Dakota Synthetic Fuels InterNorth December 1983; page 4-106 
Project Minnesota Gas Company
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Minnesota Power & Light Company 
Minnkota Power Cooperative 
Montana Dakota Utilities 
North Dakota Synthetic Fuels Group 
North Dakota Synthetic Fuels Project 
Northwestern Public Service 
Ottertail Power Company 
Wisconsin Power & Light

Oberhausen Coal Gasification Ruhrthemie AG September 1986; page 4-79 
Project Ruhrkohle Get & Gas Gmbl-1 

Ohio I Coal Conversion Alberta Gas Chemicals, Inc. March 1985; page 4-88 
North American Coal Corporation 
Wentworth Brothers 

Ohio Valley Synthetic Fuels Consolidated Natural Gas System March 1982; page 4-68 
Project Standard Oil Company of Ohio 

Ott ilydrogeneration Process Carl A. Ott Engineering Company December 1983; page 4-107 
Project 

Peat-by-Wire Project P8W Corporation March 1985; page 4-89 

Peat Methanol Associates Project ETCO Methanol Inc. June 1984; page 4-85 
J. B. Sunderland 
Peat Methanol Associates 
Transco Peat Methanol Company 

Penn/SharonfKiockner Project Kiockner Kohlegas GmbH March 1985; page 4-72 
Pennsylvania Engineering Corporation 
Sharon Steel Corporation 

Philadelphia Gas Works Synthesis Philadelphia Gas Works December 1983; page 4-108 
Gas Plant United States Department of Energy 

Phillips Coal Gasification Phillips Coat Company September 1984; page C-28 
Project 

Pike County Low-BTU Gasifier Appalachian Regional Commission June 1981; page 4-78 
for Commercial Use Kentucky, Commonwealth of 

United States Department or Energy 

Plasma Arc Torch Swindell-Dresser Company December 1978; page B-33 
Corporation Technology Application Service 

Port Sutton Coal-Water Fuel Project ARC-Coal, Inc. December 1985; page 4-86 
COMCO of America, Inc. 

Powerton Project Commonwealth Edison March 1979 page 4-86 
Electric Power Research Institute 
Fluor Engineers and Constructors 
Illinois, State of 
United States Department of Energy 

Purged Carbons Project Integrated Carbons Corporation	 December 1983; page 4-108 

Pyrolysis Demonstration Plant Kentucky, Commonwealth of 	 December 1978; page 8-34 
Occidental Research Corporation 
Tennessee Valley Authority 

Pyrolysis of Alberta Thermal Coals, Alberta/Canada Energy Resource 	 March 1985; page 4-90 
Canada Research Fund 

Alberta Research Council

SYPmIET!C FUELS REPORT, JUNE 1988 
4-96 



Project Sponsors Last Anpearance in SFR 

Riser Cracking of Coal Institute of On Technology December 1981; page 4-93 
United Sates Department of Energy 

RUHR100 Project Ruhrgas AG September 1984; page C-29 
Ruhrkohle AG 
SteagAG 
West German Ministry of Research 

and Technology 

Rheinbraun Hydrogasification of Coal Reinische Braunkohlenwerke December 1987; page 4-80 
Lurgi GmbH 
Ministry of Research & Technology 

Saarbergwerke-Otto Gasification Saaitergwerke AG June 1984; page 4-86 
Process Dr. C Otto & Company 

Savannah Coal-Water Fuel Projects Foster Wheeler Corporation September 1985; page 4-77 

Sesco Project Solid Energy Systems Corporation December 1983; page 4-110 

Sharon Steel Kiockner Kohlegas GmbH March 1985; page 4-92 
Pennsylvania Engineering Corporation 
Sharon Steel Corporation 

Simplified IGCC Demonstration Project General Electric Company September 1986; page 4-71 
Burlington Northern Railroad 
Empire State Electric Energy Research Corporation 
New York State Energy Research and Development Authority 
Niagara Mohawk Power Corporation 
Ohio Department of Development 
Peabody Holding Company 
United States Department of Energy 

Slagging Gasification Consortium Babcock Woodall-Duckham Ltd. September 1985; page 4-78 
Project Big Three Industries, Inc. 

The BOC Group plc 
British Gas Corporation 
Consolidation Coal Company 

Sohio Lima Coal Gasification/ Sohio Alternate Energy Development March 1985; page 4-93 
Ammonia Plant Retrofit Project Company 

Solution-Hydrogasification General Atomic Company September 1978; page B-31 
Process Development Stone & Webster Engineering Company 

Southern California Synthetic C. F. Braun March 1981; page 4-99 
Fuels Energy System Pacific Lighting Corporation 

Southern California Edison Company 
Texaco Inc. 

Solvent Refined Coal Demonstration International Coal Refining Company September 1986; page 4-83 
Plant Air Products and Chemicals Inc. 

Kentucky Energy Cabinet 
United States Department of Energy 
Wheelabrator-Frye Inc. 

Steam-Iron Project Gas Research Institute December 1978; page B-35 
Institute of Gas Technology 
United States Department of Energy 

Synthane Project United States Department of Energy December 1978; page 8-35 

Synthoil Project Foster Wheeler Energy Corporation December 1978; page 8-36 
United States Department of Energy 

Sweeny Coal-to-Fuel Gas Project The Signal Companies, Inc. March 1985; page 4-94
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Tenneco SNG From Coal Tenneco Coal Company March 1987; page 4-85 

Tennessee Synfuels Associates Koppers Company, Inc. December 1983; page 4-112 
Mobil-M Plant 

Transco Coal Gas Plant Transco Energy Company December 1983; page 4-113 
United States Department of Energy 

Tri-State Project Kentucky Department of Energy December 1983; page 4-113 
Texas Eastern Corporation 
Texas Gas Transmission Corporation 
United States Department of Energy 

TRW Coal Gasification Process TRW, Inc. December 1983; page 4-114 

Two-Stage Entrained Gasification Combustion Engineering Inc. June 1984; page 4-91 
System Electric Power Research Institute 

United States Department of Energy 

Underground Bituminous Coat Morgantown Energy Technology Center March 1987; page 4-93 
Gasification 

Underground Coal Gasification United States Department of Energy June 1985; page 4-75 
University of Texas 

Underground Coal Gasification, Alberta Research Council September 1984; page C-37 
Canada 

Underground Coal Gasification, British Coal September 1987; page 4-76 
English Midlands Pilot Project 

Underground Coal Gasification, Rocky Mountain Energy Company June 1985; page 4-75 
Hanna Project United States Department of Energy 

Underground Coal Gasification Lawrence Livermore Laboratory December 1983; page 4-119 
Hoe Creek Project United States Department of Energy 

Underground Coal Gasification Mitchell Energy March 1985; page 4-98 
Republic of Texas Coal Company 

Underground Coal Gasification ARCO December 1983; page 4-120 
Rocky Hill Project 

Underground Gasification of Deep Seams Groupe d'Etudes de Is Gazeification Souterrainc December 1987; page 4-86 
Charbonnages de France 
Gaz de France 
Institut Francais du Petrole 

Underground Gasification of Basic Resources, Inc. December 1983; page 4-121 
Texas Lignite, Tennessee 
Colony Project - 

Underground Gasification of Texas A & M University December 1983; page 4-121 
Texas Lignite 

Underground Coal Gasification, In Situ Technology March 1985; page 4-102 
Thunderbird II Project Wold-Jenkins 

Underground Coal Gasification, Sandia National Laboratories March 1983; page 4-124 
Washington State 

Underground Gasification of Basic Resources, Inc. March 1985; page 4-101 
Texas Lignite, Lee County Project 

Union Carbide Coal Conversion Union Carbide/Linde Division June 1984; page 4-92
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Project United States Department of Energy 

University of Minnesota University of Minnesota March 1983; page 4-119 
Low-BTU Gasifier for Coroner- United States Department of Energy 
cial Use 

Utah Methanol Project Questar Synfuels Corporation December 1985; page 4-90 

Verdigris Agrico Chemical Company September 1984; page C-35 

Virginia Power Combined Cycle Project Consolidation Coal December 1985; page 4-90 
Electric Power Research Institute 
Slagging Gasification Consortium 
Virginia Electric and Power Company 

Watkins Project Cameron Engineers, Inc. March 1978; page B-22 

Westinghouse Advanced Coal KRW Energy Systems Inc. September 1985; page 4-80 
Gasification System for 
Electric Power Generation 

Whitethorne Coal Gasification United Synfuels Inc. September 1984; page C-36 

Wyoming Coal Conversion Project WyCoalGas, Inc. (a Panhandle Eastern December 1982; page 4-112 
Company) 

Zinc Halide Hydrocracking Conoco Coal Development Company June 1981; page 4-86 
Process Development Shell Development Company
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STATUS OF COAL PROJECTS 

INDEX OF COMPANY INTERESTS 

Company or Orannization Project Name 

AECI Ltd. AEC! Ammonia/Methanol Operations 4-62 
Coalplex Project 4-65 

AGA Nynas Energy Chemicals Complex 4-78 

Air Products and Chemicals, Inc. Laporte Liquid Phase Methanol Synthesis 4-75 

A. Johnson & Company Nynas Energy Chemicals Complex 4-78 

Allis-Chalmers KILnOAS Project 4-74 

Amoco Production Company Underground Coal Gasification Rocky Mountain I Test 4-88 

Asia Oil Victoria Brown Coal Liquefaction Project 4-84 

Australia, Federal Government of Victoria Brown Coal Liquefaction Project 4-84 

Bechtel Inc. Cool Water Coal Gasification Project 4-66 

Belgium, Government of Underground Coal Gasification, Joint Bclgo-German Project 4-86 

BP United Kingdom, Ltd. Monash Hydrotiquefaction Project 4-77 

Bradley Resources Corporation Underground Gasification of Anthracite, Spruce Creek 4-88 

British Coal British Coal Liquid Solvent Extraction Project 4-64 
British Coal Low-BTU Gasification Project 4-64 

British Department of Energy British Coal Liquid Solvent Extraction Project 4-64 
British Coal Low-BTU Gasification Project 4-64 

British Gas Corporation Slagging Gasifier Project 4-81 

Broken Hill Pty. Broken Hill Project 4-64 

Brookhaven National Laboratory Flash Pyrolysis of Coal with Reactive and Non-Reactive Gases 4-69 

Brown Coal Liquefaction Pty. Ltd. Victoria Brown Coal Liquefaction Project 4-84 

Carbocol Colombia Gasification Project 4-66 

Carbon Gas Technology Huenxe CGT Coal Gasification Pilot Plant 4-72 

Caterpillar Tractor Company Caterpillar Tractor Low BTU Gas From Coal Project 4-65 

Central Illinois Light Co., Inc. KILnGAS Project 4-74 

Central Research Institute of Electric Power Industry CRIEPI Entrained Flow Gasifier 4-67 

Chem Systems, Inc. Laporte Liquid Phase Methanol Synthesis 4-75
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China National Technical Import Lu Nan Ammonia-from-Coal Project 4-76 
Corporation 

Coal Gasification COGA-1 Project 4-66 

Companhia Auxiliar de Empresas Underground Coal Gasification, Brazil 4-85 
Electricas Brasileiras 

Continental Energy Associates Can-Do Project 4-65 

Deutsche Babcock AG Huenxe CGT Coal Gasification Pilot Plant 4-72 

DEVCO Scotia Coal Synfuels Project 4-80 

Dow Chemical Dow Syngas Project 4-68 

Electric Power Research Institute Advanced Coal Liquefaction Pilot Plant 4-62 
Cool Water Coal Gasification Project 4-66 
KJLnGAS Project 4-74 
Laporte Liquid Phase Methanol Synthesis 4-75 
Underground Coal Gasification Rocky Mountain 1 Test 4-88 

Elgin Butler Brick Company National Synfuels Project 4-77 

Empire State Electric Energy Cool Water Coal Gasification Project 4-66 

Energy Adaptors Corporation Ohio-I Coal Conversion Project 4-78 

Energy Brothers Inc. K-Fuel Commercial Facility 4-73 

Energy International Underground Coal Gasification, Ammonia\Urea Project 4-89 

Energy Transition Corporation New Mexico Coal Pyrolysis Project 4-78 

European Economic Community Underground Coal Gasification, Joint Belgo-German Project 4-86 

Fluor Engineers and Constructors Laporte Liquid Phase Methanol Synthesis 4-75 

Ford, Bacon & Davis Mountain Fuel Coal Gasification Project 4-77 

Gas Research Institute Underground Coal Gasification Rocky Mountain I Test 4-88 

GelsenbergAo I-Iuenxe COT Coal GAsification Pilot Plant 4-72 

General Electric Company Cool Water Coal Gasification Project 4-66 

Geosystems Corporation Underground Gasification of Anthracite, Spruce Creek 4-88 

Gesellschaft fur Kohie-Technologie PRENFLO Gasification Pilot Plant 4-79 

GFK Gesellschaft fur Kohleverfiussigung GFK Direct Liquefaction Project 4-70 

Gillespie, Alastair & Associates, Ltd. Scotia Coal Synfuels Project 4-80 

Gilman Company Underground Gasification of Anthracite, Spruce Creek 4-88
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Company or Oreanization Project Name 

Gulf Canada Products Company Scotia Coal Synfuels Project 4-80 

Hoechst-Uhde Corporation Ohio-I Coal Conversion Project 4-78 

HRJ Inc. Ohio Ontario Co-Processing Project 4-78 

Idemitsu Kosan Victoria Brown Coal Liquefaction Project 4-84 

Illinois Power & light Company KILnGAS Project 4-74 

Illinois, State of KILnGAS Project 4-74 

Iowa Power & Light Company KILnGAS Project 4-74 

Japan, Government of Victoria Brown Coal liquefaction Project 4-84 

Japan cool Water Program Cool Water Gasification Project 4-66 
(JCWP) Partnership 

Kellogg Company, The M.W. Appalachian Project 4-63 
Fulaiji Low BTU Gasifier 4-69 

Kellogg Rust Inc. KRW Energy Systems Inc. Advanced Coal Gasification 4-74 
System for Electric Power Generation 

KilO Industries Lulea Molten Iron Pilot Plant 4-76 

KILnGAS R&D, Inc. KILnGAS Project 4-74 

Kobe Steel Victoria Brown Coal Liquefaction Project 4-84 

Kopcx Libiaz Coal-to-Methanol Project 4-76 

Krupp Koppers GmbH Libiaz Coal-to-Methanol Project 4-76 
PRENFLO Gasification Pilot Plant 4-79 

KRW Energy Systems Inc. Appalachian Project 4-63 
Fulaiji Low BTU Gasifier 4-69 
KRW Energy Systems Inc. Advanced Coal Gasification 4-74 

System for Electric Power Generation 

Lawrence Livermore Laboratory Underground Coal Gasification - LLNL Studies 4-87 

Manfred Nemitz Industrieverwaltung Huenxe COT Gasification Pilot Plant 4-72 

Minister of Economics Bottrop Direct Coal Liquefaction Pilot Plant 4-63 

Ministry of Machine Building Industry Fulaiji Low BTU Gasifier 4-69 

Mitsubishi Chemical Industries Victoria Brown Coal Liquefaction Project 4-84 

Monash University Monash Hydroliquefaction Project 4-77 

Monongahela Power Company KILnGAS Project 4-74 

Mountain Fuel Supply, Inc. Mountain Fuel Coal Gasification Process 4-77 

National Synfuels Inc. National Synfuels Project 4-77 

New Energy Development Organization CRJEPI Entrained Flow Gasifier 4-67 
Hydrogen From Coal Pilot Plant 4-72 
Japanese Bituminous Coal Liquefaction Project 4-73 

Nippon Brown Coal liquefaction Co. Victoria Brown Coal Liquefaction Project 4-84 

Nissho Iwai Victoria Brown Coal liquefaction Project 4-84
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Company or Organization 	 Project Name

Nitrogenous Fertilizers Industry SA 

Nokota Company 

North-Rhine Westphalia, State of 

NOVA 

Nova Scotia Resources Limited 

Ohio Coal Development Office 

Ohio Edison Company 

Ohio Ontario Clean Fuels Inc. 

Oil & Natural Gas Commission 

Pennsylvania Electric Company 

Petit-Canada 

Polish Government 

Potomac Edison Company 

Research Ass'n For Hydrogen From Coal Process 
Development 

Rheinische Braunkohlwerke 

Royal Dutch/Shell Group 

Ruhrkohle AG 

Ruhrchemie AG 

Saabcrgwerkc AG 

Sasol Limited 

Scrubgrass Associates 

5(31 International 

Shanghai Coking & Chemical Corporation 

Shell Oil Company 

Sohio Alternate Energy Development 
Company 

South Australia, Government of 

Southern California Edison 

Spruce Creek Energy Company 

Stearns Catalytic Inc. 

Stone & Webster Engineering Corporation 

Sumitomo Metal Industries, Inc.

Greek Lignite Gasification Complex 

Dunn Nokota Methanol Project 

Bottrop Direct Coal Liquefaction Pilot Plant 
Synthesegasanlage Ruhr (SAR) 

Scotia Coal Synfuels Project 

Scotia Coal Synfuels Project 

Ohio Ontario Co-Processing Project 

KILaGAS Project 

Ohio Ontario Co-Processing Project 

Underground Coal Gasification, India 

Appalachian Project 

Scotia Coal Synfuels Project 

Libiaz Coal-to-Methanol Project 

KILaGAS Project 

Hydrogen From Coal Pilot Plant 

Rhcinbraun High Temperature Winkler Project 

Shell Coal Gasification Project 

Bottrop Direct Coal Liquefaction Pilot Plant Project 
British Coal Liquid Solvent Extraction Project 
Synthcscgasanlage Ruhr (SAR) 

Synthesegasanlage Ruhr (SAR) 

GFK Direct Liquefaction Project 

Sasol Two and Sasol Three 

Scrubgrass Project 

LFC Coal Liquefaction/Cogeneration Plant 

Wujing Trigeneration Project 

Shell Coal Gasification Project 

Cool Water Coal Gasification Project 

South Australian Coal Gasification Project 
Underground Coal Gasification, Leigh Creek 

Cool Water Coal Gasification Project 

Underground Gasification of Anthracite, Spruce Creek 

Underground Gasification, Steeply Dipping Bed 

Ohio Ontario Co-Processing Project 

Lulea Molten Iron Pilot Plant

4-71 

4-68 

4-63 
4-82 

4-80 

480 

4-78 

4-74 

4-78 

4-85 

4-63 

4-80 

4-76 

4-74 

4-72 

4-79 

4-81 

4-63 
4-64 
4-82 

4-82 

4-70 

4-80 

4-80 

4-75 

4-85 

4-81 

466 

482 
4-88 

4-66 

488 

4-88 

4-78 

4-76 
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Company or Organization Project Name 

Swedish Investment Bank Nynas Energy Chemicals Company 4-78 

Tennessee Eastman Company Chemicals From Coal 4-65 

Texaco Inc. Cool Water Coal Gasification Project 4-66 
Texaco Coal Gasification Process 4-82 

Tosco Corporation TOSCOAL Process Development 4-83 

TVA WA Ammonia-From-Coal Project 4-83 

Ube Industries, Ltd. Ube Ammonia-From-Coal Plant 483 

Uhde GmbH Rheinbraun High Temperature Winkler Project 4-79 

Union Electric Company KILaGAS 4-74 

Union Pacific Resources Company Underground Coal Gasification Rocky Mountain I Test 4-88 

Union of Soviet Socialist Republics Kansk-Achinsk Basin Coal Liquefaction Pilot Plants 4-73 

University of Minnesota University of Minnesota Low-BTU GAsifier for Commercial Use 4-84 

United Coal Company Mild Gasification Process Demonstration Unit 4-76 

United States Department of Energy Advanced Coal Liquefaction Pilot Plant 4-62 
Appalachian Project 4-63 
Flash Pyrolysis of Coal with Reactive and Non-Reactive GAses 4-69 
Great Plains Gasification Project 4-70 
KILnGAS Project 4-74 
KRW Advanced Coal Gasification System for 4-74 

Electric Power Generation 
Laporte Liquid Phase Methanol Synthesis 4-75 
Mild Gasification Process Demonstration Unit 4-76 
Mountain Fuel Coal Gasification Process 4-77 
Ohio Ontario Co-Processing Project 4-78 
University of Minnesota Low-BTU Gasifier for 4-84 

Commercial Use 
Underground Coal Gasification Rocky Mountain 1 Test 4-88 
Underground Coal Gasification, Ammonia/Urea Project 4-89 
Underground Coal Gasification, Brazil Project 4-85 

Veba Oel GmbH Bottrop Direct Coal Liquefaction Pilot Plant Project 4-63 

Victoria, State Government of Victoria Brown Coal Liquefaction Project 4-84 

Wentworth Brothers Inc. Ohio-I Coal Conversion Project 4-78 

West German Federal Government Underground Coal Gasification, Joint Belgo-German Project 4-86 

West German Federal Ministry of Bottrop Direct Coal Liquefaction Pilot Plant Project 4-63 Research & TEchnology GFK Direct Liquefaction Project 4-70 
PRENFLO Gasification Pilot Plant 4-79 
Rbeinbraun High TEmperature Winkler Project 4-79 

West Penn Power Company KILnGAS Project 474 

Westinghouse Electric Appalachian Project 4-63 
KRW Advanced Coal Gasification System for Electric 4-74 

Power Generation
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